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1. Introduction

This Safety Note covers a pressure vessel and associated inert gas system for a physics research
experiment involving neutrinoless double beta decay, using Xenon gas. The heart of the system is a pressure
vessel recently acquired by LBNL from LLNL. There are new components both purchased, and LBNL designed (in
accordance with ASME Boiler and Pressure Vessel Code Section VI, Div. 1, 2007), which will be attached to this
pressure vessel, which are treated in this note. This Safety Note is to assure that the Experiment meets LBNL
Pressure Safety requirements of PUB-3000. Under PUB3000, sec 7.6.1, it is classified as a High Hazard Pressure
System, since there are gas pressures above 150 psig. An AHD is not required for the Xenon or Argon gases, nor
any of the other materials inside, but there may be pressure and process hazards, so an AHD will be formulated.

The pressure vessel will enclose a small detector called a Time Projection Chamber (TPC) with Xenon gas
used as both the electron drift volume and for electrical insulation. The vessel was designed by LLNL, and used at
LLNL from 2000-2009 for a similar purpose, and has not been modified from the original design. LLNL Mechanical
Engineering Safety Note MESN99-020-OA (1999) contains the vessel design calculations, performed in
accordance with ASME Boiler and Pressure Vessel Code Section VIII (1995), and is included here in the
Appendix. It includes pressure testing procedures. Also included is a copy of the original pressure test at LLNL for
the vessel and head. The attached components consist of a 2" diameter high vacuum/high pressure valve, a
Kimball physics octagonal vacuum chamber, a spool connecting the octagon to the vessel lid, assorted cabling
feedthroughs, and a gas handling system composed of small diameter high pressure metal tubing, purifiers,
valves, and pumps. The gas system includes a cryogenic Xenon reclamation cylinder, which was designed, built,
and tested by Acme Cryogenics for LLNL, for 3000 psi MOP. We will be using it here at LBNL up to a pressure of
950 psi MOP. Its design calculations and test report are also included in the Appendix (LLNL M.E. Safety Note
MESN99-038-0OA). The pressure vessel is shown below:
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Fig. 1 Main pressure Vessel, 850 psig MOP Fig. 2 Flat Heat for 350 psig MOP (CF seals)

Pressures for use at LBNL
Maximum Operating Pressure Maximum Allowable Working Pressure

Initial Maximum Operating and Allowable Working Pressures  (to be used initially with existing Ceramtec
Pyiop i = 225psi PMAWP = 250psi SHV-20 connectors (see below) until higher

rated feedthroughs are obtained)

RECLAMATION

AC/HP
ALVE, VI6

STRAIN RELIEF BRACKET

Fig. 3 LBNL configuration: pressure vessel with cabling extension spool, octagon vac. cham. & gas sys.
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2. System Description and Basic Operation

The main pressure vessel is approximately 8 inches in diameter and 14 inches long, (inside volume), and
fabricated from 316L and 304 stainless steel. It will be operated at LBNL at a 300 psig maximum operating
pressure (MOP), with a maximum allowable pressure (MAWP) of 350 psig. Minimum pressure is high vacuum. The
main vessel was designed for operation up to 850 psig MOP, with a section of the chamber operated at LN2
temperature. There are two flat heads for it, only one of which will be used at LBNL, this head has an MAWP of
406 psig. At LBNL, the chamber will be used with inert gases only, mainly Xenon and Argon, as well as high
vacuum. It will be operated only in temperature range of room temperature to 50C; the cryogenic section will not
be used, and it will be labeled as such to prohibit use. An associated gas system is used to supply gas to the
chamber, to pressurize and depressurize the vessel, and to circulate Xenon continuously through the detector,
primarily to purify the Xenon gas to a high purity state, but also to eliminate any thermal convection currents from
electronics inside the vessel. Argon may be used for initial flushing of air, H20, etc. when the vessel is first
assembled, and perhaps for leak checking under pressure. A 5.4L stainless steel Xenon reclamation cylinder is
used to condense/ freeze out Xenon in order to open up the vessel without venting the Xenon. It will be left open
during some operations, and so is considered part of the vessel volume. The total system stored energy is 54 kJ
for either of these monatomic gasses @MAWP = 350 psig. A schematic is shown below:
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Fig. 5 Gas System Schematic

Operation of the system is treated in detail in section 8, Gas System below, and in the AHD (to be prepared). The
basic sequence is essentially:

1. All valves, except the gas cylinder and vacuum purge valves, are opened (including the reclamation cylinder) and
the system is pumped down to a high vacuum. Argon may be used for an initial flush, or to provide for a purge when
the system is opened.

2. The vacuum valve is then shut and the system (including reclamation cylinder) is filled with Xenon to 300 psig
(225 initially) at room temperature.

3. The dewar is filled with LN2; this freezes out the Xenon into the reclamation cylinder, which is then valved off.

4. The main system is refilled with Xenon to to 50 psig, and step 3 is repeated. This step charges the reclamation
cylinder with a small amount of extra Xenon to provide for quicker refilling of the main system.

5. To fill the main system at the desired pressure, the reclamation cylinder is opened and regulated flow is let back
into the vessel until the desired pressure is reached. Heaters on the reclamation cylinder may be needed to warm
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the gas, as it will cool upon expansion; a maximum temp. of 50C is used. The gas will cool upon expanding
through the regulator, and the pressure will be lower than 300 psig (225 psig initially) until the gas warms up to
room temperature. Line heaters on the refill line may be needed to reduce the amount of time needed to come
back to room temperature.

6. The pump is then operated to circulate the Xenon through the main pressure vessel and through the gas purifiers.
The gas flow rate is varied as needed, using the pump controller, and only one gas purifier is used at a time. The
reclamation cylinder valve is left open during operation.

4. To open the main pressure vessel for service (to TPC), step 3 is repeated.
5. After closing the main pressure vessel after TPC service and pumping it down to high vacuum, step 5 is repeated.
Pressure Safety Assurance There are five pressure zones in the system:

1. Main Vessel with attached components, 350 psig MAWP, protected by 350 psig relief valve on main vessel (a
250 psig relief valve will be installed initially until high pressure SHV-20 connectors are procured and installed).
2. Gas supply and purifier loops 1000 psig MAWP, protected by 450 psig relief valve.

3. Reclamation cylinder, 3000 psig MAWP, protected by 1500 psig relief valve.

4. The gas supply cylinders themselves have their burst disks behind their valves, per standard gas cylinder
practice.

5. The vacuum system has a 10 psig burst disk on the vacuum side.

Hazards Analysis

There are no toxic, flammable, biological, or radioactive gasses or materials inside the vessel with the
possible exception of some small low intensity sealed gamma sources. The inside detector is composed of
common metals, Teflon, Mylar, Kapton and PEEK polymers, glass, signal cabling and some semiconductor ICs.
There will be high voltage components inside, operating as high as +/-20 kV, but at low stored energy, and there
will be no organic liquids, gases, or aerosols, and no oxygen present when operating, so there is no explosion
hazard. There are 19 photomultiplier tubes (PMTs) 1 inch diameter by 2 inches long which are known to withstand
use at 20 bar; they have the possibility of imploding under excessive pressure, but this is not expected to create
any hazard from excessive transient pressure, or other hazard since they are surrounded by a dense gas, not a
liquid, as is the case in some neutrino detectors. These PMTs will be hydrostatically pressure tested before use at
125% MOP = 375 psig. There are no toxic or radioactive materials inside the PMT's. These PMTs are the limiting
factor for the experiment, and set the MOP to 300 psig. There are, initially two SHV-20 high voltage feedthrus that
are rated for use at 250 psi; this is the lowest MAWP of the entire system and thus a 250 psig relief valve will be
initially installed on the pressure vessel until a high pressure (800 psig MAWP) version of this feedthrough is
procured; at which time the MAWP will be changed to 350 psig.

There will be people present near the vessel when it is under full pressure. Under PUB3000, sec 7.6.1, it is
classified as a High Hazard Pressure System, since there are gas pressures above 150 psig. An AHD is not
required for the Xenon or Argon gases, nor any of the other materials inside, but there may be pressure and
process hazards, so an AHD will be formulated.

Main Vessel Description

The chamber is constructed from Schedule 80 316L S.S. pipe and the flanges and heads are 304 S.S. (if
not 304L). There are no brittle materials used. Welds were made by ASME certified welders according to the LLNL
Note. Welds were designed with an efficiency factor of 0.7 to eliminate the need to radiograph welds.

As mentioned above, the main vessel has a Maximum Operating Pressure (MOP) of 850 psig when used
with a specially made blank flat head which seals against the vessel flange with a C-type face gasket. Maximum
allowable Pressure (MAWP) is 976 psig with this head. This vessel and head combination has been pressure
tested to 1.5xMAWP=1467 psig. However there is no plan to operate the vessel at LBNL using this head.

It has an MOP of 350 psig when used with a different specially made flat head (labeled AAA- 99-104240-00)
which has a number of openings for instrumentation, each of which seals with a CF-type (conflat) flange. This flat
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head is not a standard CF type flange but has increased thickness and uses double the number of clamping bolts.
It seals using a standard CF gasket and knife edge design, however. Maximum allowable Pressure (MAWP) is 406
psig. It has been pressure tested to 1.5xMAWP = 609 psig with this head (openings blanked off).

The Vessel can only, and will only be used at LBNL with the 350 psig MOP head. There are a number of
valves, pipes and electrical feedthru's that will attach to the head and vessel; all will be either rated by the
manufacturer for 350 psig operation (MAWP at min.), and, if not, will be analyzed for pressure safety and pressure
tested, either in conjunction with this vessel or separately. The strength of this vessel and head have no
dependency on any attached components, nor do any attached components rely on this vessel or head for strength.

As stated above, there are no toxic, flammable, biological, or radioactive gasses or materials used inside
the vessel with the exception of some small low intensity sealed gamma sources. Argon gas will be used as a
purge gas, most likely at low pressure but perhaps up to the MOP e.g. for leak checking. There is a cold probe
welded to the main tank vessel which was used to condense Xenon inside the vessel, using a surrounding dewar of
LN2, however, there are no plans at LBNL to use this feature, and it will be labeled to prohibit use.

As stated above, there are also some new components which will be attached to the vessel and flat head,
some of which are pressure rated by the manufacturer, some which are not rated by the manufacturer but which are
suitable for safely holding pressure, and some which will be designed and built by LBNL. These latter two
categories are analyzed in this note for sufficient strength and will be proof tested separately.

LLNL Safety Note MESN99-020-OA (1999) shows calculations performed in accordance with ASME
Pressure Vessel Code Section VIII-1-1997. The analysis appears to be fairly complete and correct with respect to
ASME Pressure Vessel Code Section VIII-1-2007, which this author has access to. There is an analysis of the 350
psi MOP head which uses a non-ASME method involving stress concentration factors, however there is also an
analysis based on ASME methods. This document is reproduced in the Appendix. Also in the Appendix are the two
pressure test reports from LLNL, plus two notes on pressure capacity of CF flanges, one from LLNL and one from
ANL.

What follows are basic calculations for this experimental system and additional calculations for the added
components:

3. Basic System Calculations

Stored Energy, U, @ 350 psig MAWP
from PUB3000 , Chapter 7, Appendix E:
[ -1
BaV |, _ [ Pi) v
y-1 |_

U=

]
|
J

P = Pyiawp + 14.7psi Py =3647psi Ppi=147psi  y:= 1.666 (for monatomic gases)

where:

Volume includes vessel, cabling octagon, connecting spool, valve and gas system tubing:

dyeg = 7.63in ljeg = 13.5in main vessel inner dimensions

dy Nt = 2in 1] Nyt = 8in LN2 extension (cold probe)

doet = 8in 1ot = 3.0in Kimball octagon for cabling

dspool = 2in lspool := 10in connection spool, flat head to octagon

dtubing := 0.5in ltubing = 20ft gas system tubing and purifiers (est.)

dy,lye = 2in 1y alve = 4in high pressure volume of closed vacuum valve and tank stub

d.. = 3.43in 1. = 36in reclamation cylinder




Lawrence Berkeley Laboratory-
Univ. of California

Engineering Note

cat. code: RP3030
serial :10506

page: 7 of 272
DRAFT date:6/9/2010

dept.: Mech.Engineering

T 2 2 2 2 2 2 2
Vh = Z'(dves ves + dLNxt TLNxt + dspool 'lspool +doct Toct * dtubing 'ltubing +dyatve lvalve + drc 1rc)
L8 2
V= 12x 100in° Vy, = 199L Vves = 7 ves ves  Vves = 101151
Stored Energy @ 350 psig MAWP
v-1
¥
U, = ¥ 1 i U, =54KkJ
v 'Y -1 Ph \'%
Mass of Xenon in System at operating pressure
. -1_-1 -1
Pyiop=300psi R = 8.314)-mol K T, mp = 300K Ma_Xe = 131.3gm-mol
Critical Pressure, temperature of Xenon:
Pc_Xe = 58.40bar Tc_Xe = 15.6K + 273K
reduced pressure: T
315psi amb
P = P.=0.361 =
r r r —
Pc_Xe TC_Xe T 1.04

Compressibility Factor:
ZXe_ZObar = 0.88

12

from chart for pure gasses shown below

Lee-Kesler Simple Fluid Compressibility Factor

&l

11

Tr=50

07 kil _/f

Compressibility factor 7

© Reduced temperature = .

plot by izzi

ref: A Generalized
Thermodynamic Correlation
based on Three-Parameter
Corresponding States, B.l.Lee &
M.G.Kesler, AIChE Journal,
Volume 21, Issue 3, 1975, pp.
510-527' (secondary ref.
from:http://www.ent.ohiou.edu/~-
thermo/

0z 03 05 1.0 z = 5
Reduced pressure Pr

Fig. 6 Compressibility Factor, pure gasses
Number of moles:

Pyviop Vi

Ny : Ny, = 18.793 mol

Weight:

ZXe_ZObar' R- Tamb

WXC = Ma_Xe-nXe WXC =247 kg

Volume of LXe in reclamation cylinder (at freeze-out)

10

molar density

0 R.C
mol -~
Vh

mol

Pmol = 0.942T
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o pr .= 30522 @ boiling, 1 bar, -101.8C
density: FLXe ml
) Wxe
VLXC = VLXC = 0809L
PLXe

Xenon reclamation cylinder volume

i 2
V.= Z'drc ‘11‘

- V,o =5451L

C

Pressure in Reclamation Cylinder
we need to guess initial value and iterate to find Z. From Lee-Kesler chart above it looks like it could be as low
as 0.4, but heated to 50C it could be:

0 _ ™Xe 0 3448 mol
mol_rc = mol_rc = 20T —
— VrC — L

Prc_guess = 3'Pmop Prc_guess = 60.2 bar

B Prc_guess _
Pr_rc = P— Pr_rc =1.032
c_Xe
) ] Thot
Thot = (273 + 50)K Tr_hot = T— Tr_hot =1.12
c_Xe
from chart above:
ZXe_rb_press =7
G ZXe_rb_press' R-Tamb )
P.= v P..=58.4bar P.. =873 psi close enough to guess

Ic

Alternately, we can use a pressure density curve:

120 ——————— . .
| H ref :Thermophysical Properties of
i | : 11600 Neon, Argon, Krypton, and Xenon
100 oo e e gl P A V.A. Rabinovitch, A.A.Vasserman,
! i 1 1400 V.I Nedostup, L.I. Veksler,
i ! 7 Hemisphere Publishing Co (1985)
— 80— A T Ll A [ [ 41200 via:
g i - E A Portable Gamma Ray
= i ! 41000 B« Spectrometer using Compressed
§ 6ob .. e R = . Xenon G.J. Mahler, et. al. IEEE
2 - ! e ! 4{ 800 g Trans. Nuc. Sci. 45(3) p.
£ i ! .' ! - g 1029(1998)
w|l I IS I {600
l I i I .
i i I I i 4 400
201 f-———- . I S o mmmme o R
i I | : {200
- 1 | | 1
i '| o i T
00 04 0.8 1.2 1.6 2.00

Density [g/cm’]
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Fig. 7 Pressure-Density Curves for Xenon

for om
Pmass_rc = pmol_rC’Ma_Xe Pmass_rc = 0.453—3
cm
we find a maximum pressure of
Prax_re = 63bar P =941 psi at 50C, which is the maximum temperature we expect to see.

The gas purifiers have a maximum temperature of 40C.

Note: The reclamation cylinder will not be heated when condensing out, or when full. It will only be heated as needed
to assist in refilling; this will only happen at a low pressure, after the vessel has been mostly refilled. As such it's
typical maximum pressure will be determined by the room ambient temperature. Assuming this is 30C:

P = 57bar P =852 psi

typ_max_rc : typ_max_rc

Stored Energy in Reclamation cylinder

v-1

U._. = 1- U, =43k @50C

4. Vacuum Valve:

Valve is a Carten HF2000 process valve which is designed not only to hold high vacuum, but also to hold high

p FsBoTE wow, N,
and HF 6004 only. —___ @
Downstream
£ Purge Voive
B Highest Cv Available in the UHP industry OPEN /
B Most Compact Design Upstream
c Puige Valve
B> High-Purity Stainless Gas Containment . ‘
B Inconel 625 Bellows for High Cycle Life, Superior Corosion Resistance  Hondwnesl @ o oot |
B> Electiopolished Wetted Surfaces o 10 Ra Max K | Tosll e o
(Optional surface finishes available) ¢ > Al _ oA
B> Maximum Leak Rate of 1x 10" scc He/sec for 1 H “m: e
Bellows Seal and CTFE Seat Insert* I ‘ | ‘
~— o=t »‘ T T
B> Purge Connections and Purge Valves N~ 17-4 PH Stainless Steel Sten @ |
are Integral fo Valve Body —
WeatherSeal @
B> Assembled and Tested in CLASS 10 Cleanioom - Tucie UpperBearng @
B Inboard and Across the Seat S _316LBomnet @
Leak Tested with 100% Helium ~ Electiopolished 316L @
Bellows Flange Standard purge valve connection sizes are:
P Valve Bodies and Tube Stubs are Nickel Foil Seal @ HF 500, HF 751, HF 1000, and HF 1501 = 1/4" purge connectors
Serialized for Material Certification T HF 1502 and larger valves = 1/2" purge valves
__ Tucite LowerBearing @
B> Cleaned For High-Purity Gas Service Inconel 625 Bellows @ cano| As | Br © D E F G H 4
— Electiopolished 316l @ HE500 | 050 | 0.049 | g0 345 302 475 i 0.50 250
* ﬂm\ess Steel Tube Stub (241.1mm)| (87.9mm) | (76.70m) | (120.7mm) | 82.8mm) | (12.70m)| (63 5mm)
HE 751 0.75 0.065 1286 4.8 4.03 7.97 5.86 0.75 3.94
INLET OUTLET (326.6mm) | (121.9mm) | (102.4mm) | (202.4rnm) | (148.8mm) | (19.1mm) (100.1mm)
10.84 4.8 2.98 797 5.86 0.75 3.94
HF1000] 100 | 0065 | (975, 3mm) | (121 9rnm) | (75.7mm) | 202.4rnm) | 148 8rmm) | 19.mem| (100, 1)
14.76 4.8 4.98 797 5.86 0.75 3.94
HF 1501 [ 1.50 | 0.065 | (374.9rmm)| (121.9mm) | (126.5mm)| (202.2mm) | (148.8mm) | 19.1mm)] (100:1mm)
B> Purged and Final Packaged in CLASS 1 Cleanroom CTFE Seatinsert @ wr1soz| 150 | 0065 [ yal/aro ] 10220 ] o8 L dsiroen | oot oy L 133 seormy| (199 )
Double-Bag Packaging with N, Gas HF 4000 Electropolished 316L Seat Holder @ 200l 200 | 0065 | 152 598 213 13.15 8.86 131 | 78—
Environment Supplied from Liquid Source Flectiopolshed 316. @ 1387 e | 177 5 | 10 9reen | 3.0 b | 228 0w | 33 3l 199 o 1=
*Excluding Permeation of CTFE Stainless Steel Body

Fig. 8 Carten HF2000 process valve Fig. 9 Carten HF2000 process valve dimensions

Note: manufacturer has agreed to weld valve to a 4 5/8" CF flange and pressure certify to 350 psig MOP.
Nevertheless, here are some calculations. We see that the pressure capability of this valve, in the closed
position will be determined by the wall thickness B. From ASME Section VIII UG-27 Thickness of Shells under
Internal Pressure:
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(c) Cylindrical Shells. The minimum thickness or maxi-
mum allowable working pressure of cylindrical shells shall
be the greater thickness or lesser pressure as given by (1)
or (2) below.

(1) Circumferential Stress (Longitudinal Joints).
When the thickness does not exceed one-half of the inside
radius, or P does not exceed 0.3858E, the following formu-
las shall apply:

PR SEt

"=35E-06r " P T Rro0r M

(2) Longitudinal Stress (Circumferential J’():'nrsj.]ﬁ
When the thickness does not exceed one-half of the inside
radius, or P does not exceed 1.255SE, the following formulas
shall apply:

PR 2SEt

= [ — bl
"=35E+0ar ¢ P koo )

MAWP Weld efficiency
PMAWP =350 pSl EW =0.7 (eSt-)

Maximum Allowable Stress, 304 stainless steel:

Pipe and Tube:

From ASME Pressure Vessel Code (2007) Section Il, Materials

TABLE 1A (CONT'D)
TABLE 1A (CONT'D) SECTION I; SECTION III, CLASSES 2 AND 3;* SECTION VIII, DIVISION 1; AND SECTION XII

SECTION I; SECTION I1I, CLASSES 2 AND 3;* SECTION VIIL, DIVISION 1; AND SECTION XII MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS -
(*See Maximum Temperature Limits for Restrictions on Class) (*See Maximum Temperature Limits for Restrictions on Class)

Alley Class/ . o .
Line Designation/ Condition” Grow Line Waximum Alloviable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding
No.  Nominal Composition Product Form Spec No. Type/Grade UNS No.  Temper  SizefThickness, in. P-No. No.
T No. -20t0100 150 200 250 300 400 500 600 650 700 750 800 850 900
il [ T = | w0 200 e 183 175 1es  lez  1se 155 sz 149 14e
e | e b0 s 1 200 107 150 138 128 123 120 117 1s 12 110 108
16 | ascr sni Tr30s $30400 & 1 17 17.0 17.0 161 155 148 141 138 155 132 129 126 12.4
18 17.0 112 127 17 110 10.4 102 100 a8 %6 2.4 0z

pg. 90 pg. 92
note: lower 17 ksi values include joint efficiency E= 0.85 (N.A. here)

Flange is fabricated (typically) from 304 plate. Strength of 304 plate, also from Section Il, Materials pgs. 90,92:

Waximum Allowable Stress, ksi CWultiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding

Line Designation/Goncltion’ Growp  Line

No.  Nominal Composition Product Form Spec No. Type/Grade UNSMNo.  Temper Size/Thickness, in. P-No. No. ~ No. —2010100 150 200 250 300 400 500 600 650 700 750 800 850 900
1| 1scr-eni Plate $A-240 302 520200 8 1 L 200 200 Bs 183 TS lee 162 1S5 133

2 | 18cr-shi Plate 5A-240 02 520200 5 1 2 200 17 Bo1ze e 123 120 L7 118

2| e Plate Shsao o 20900 . 1 3 200 107 150 138 12e 123 120 17 M5 1z 1o 108
M P 4 200 200 B2 183 175 1es 162 155 155 152 149 146

18Cr-shi Plate SA-240 304 530400

S304 = 20000psi
wall thickness inner radius

theck = .065in Ri_neck = 1.0in

P -R.
MAWP ®™i_neck =0.025in OK

t t

neck_min_circ = neck_min_circ

S304 B = 0.6 Ppawp
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PMAWP' Ri_neck

=0.012in OK

tneck_min_long = tneck_min_long

5. Spool

A connecting spool will be attached to the central 2.75" CF integral flange of the 350 psi MOP head. This spool
will carry signal and power cabling to a Kimball Physics octagon vacuum chamber (AKA octagon) having (8)
2.75" CF ports. The spool has a 2.75" CF flange on one end and a 6" CF flange on the other end. To prevent
additional loading of the tube from impact or handling forces applied to the octagon or attached cabling, the
octagon will be secured by an angle bracket to the table top, which is a 3/4" thick aluminum plate. See figs 3,
4. We include moment from static weight of octagon and cabling per subsection UG-22 Loadings:

+

239— |—
166~
6 reduce to 12 for .Z5" ot each bolt hole
N 109 6
105 A&~ Vo hafi g5 < vac. fight
31680
01462
t
Section A-A
Fig. 10, Spool cross section
Spool Tube

Spool tube is a 1.25" schedule 10S pipe TP304 stainless steel, per ASME SA-312 specification (ASTM A 312)
spool tube diameter, length,thickness, inner radius:

d = 1.66in ltube = 9.5in = .109in

o_sp_tube : tsp_tube :

di_sp_tube = do_sp_tube - 2tsp_tube Ri_sp_tube = 0'Sdi_sp_tube Ri_sp_tube =0.721lin

First we calculate minimum thickness required for tube to support weight of octagon and cables. This weight load
occurs before the angle bracket restraint can be tightened and is "frozen in by the bracket" before pressure is
applied. The load produces a bending moment on the tube which is highest where it is welded to the 2.75 in CF

flange. This results in a longitudinal stress. We will then add this minimum thickness to that calculated for
longitudinal stress due to pressure.

Weights:
octagon cabling and feedthrus  CF flanges source insertion tube and flange
Wt = 131bf Weables = S1bf Wein_CF = 3-5Ibf Wso. tube = 21bf loet = 0.076m
ch_tot = Woct + Wcables + 2'W6in_CF + Wso_tube
Msp_tube = (1tube + O'SIOCt)'ch_tot Msp_tube =3411bf-in

T

4
Isp_tube = a<d0_sp_tube

4 4
- di_sp_tube ) Isp_tube =0.16in
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M sp_tube’ 0.5 do_sp_tube

= 1763 psi

c sp_tube_mom = c sp_tube_mom

Isp_tube
Since ASME Pressure Vessel code calculates required thickness, we can perform a similar calculation for the
minimum thickness required to withstand the applied bending moment and add this thickness to that require for
pressure containment. Using an alternative approximate formula for moment of Inertia, | (using average diameter
and thickness):

davg_sp_tube =05 (di_sp_tube + do_sp_tube)
| _ ld 3 ' Note: Equations (assignments) which have a small black
sp_tube2 = | cTavg_sp_tube t square in their upper right corner are disabled (not active).
McI M-c ' |
o= T o= c6:=SE
116-d3t
. - ) double fillet weld  from Table UW-12 (see
Solving for t (we need weld efficiency E): Ew_fw =0.55 weld calc below)
B Msp_tube'O'Sdan_sp_tube B .
tsp_tube_M = tep._tube M = 0-033in

T

3
1_6 davg_sp_tube ’ STP304' Ew_fw

Minimum tube thickness required for pressure load, as above, from UG-27:

PMAWP' Ri_sp_tube

=0.023in OK

tsp_tube_min_circ = tsp_tube_min_circ

Stp304 Ew_fw — 0-6-Pprawp

PMAWP' Ri_sp_tube

'sp_tube.min_long = 251p304 Ew_fw + 0-4PMawP "s_tube_min_tong =001t OK
Adding the two minimum thicknesses required for longitudinal stress:
tsp_tube_long_total = tsp_tube_min_long + tsp_tube_M tsp_tube_long_total = 0.044in OK
This total required thickness is greater than that required for circumferential pressure, but still less than actual
thickness.
Weld design:

From fig. UW-12 welds on both ends of tube are type 4 double full fillet welds, Category C weld (subsection
UW-9 Design of Welded Joints , fig. UW-3) of type (n) below and must conform to rules in the figure
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FIG. UW-13.2 ATTACHMENT OF PRESSURE PARTS TO FLAT PLATES TO FORM A CORNER JOINT (CONT'D)

(b=10) anot less than 3tp

¢ not less
than t, or
C\( ty, whichever EZZZ72 & + b not less than 3t,
is less C\Q ¢ not less than tp or
ty, whichever is less
25 . Whict is |
sk g 1 5
LY
i L | | t ;
Backing strip \\ . I”_ i :fb n L Not welded
may be removed | Backing strip i tpnotlessthan
sforwadng | mavbewed) | e smalestor |77
| e By OF 1y in, - -— -—
Tm 2 welded trom = o (6 mim) iz
both sides (o) p) (q)
{m) n) Typical Nonpermissible Corner Joints

Typical Bolted Flange Connections
c, tp, and ty are as defined in 2-3

weld dimensions:
inner

. h: = .082in
ho_sp = .16in 1_sp

dimensions for fig (n) above:

outer

V2 .
Csp = Tho_sp Csp = 0.1131in tn_sp = tsp_tube
agp = tsp_tube + ho_sp agp = 0.2691n bSp =hy sp
weld criteria for fig (n) above:
Csp = 0.113in > t, sp =0.109in OK
agp + bSp =0.35lin > 3tn_sp =0.327in OK

CF flange calcs
First we consider blank flanges, then consider those with central openings no larger that 0.5D; these are both

considered flat unstayed heads. This is the case for the 6 in CF flange of the spool connecting to the octagon,
and also for the 6 inch CF flange on the back of the octagon, which will have a central 2.75CF (1.5in dia)

opening. From subsection UG-34, Unstayed Flat Heads and Covers :

(2) The minimum required thickness of flat unstayed
circular heads, covers and blind flanges shall be calculated

by the following formula:

t=d|CP/SE (n

v !'?G ’JTG

except when the head, cover, or blind flange is attached * %
by bolts causing an edge moment [sketches (j) and (k)] in e %7
which case the thickness shall be calculated by \_* A
[CP/SE + 1| OWho [ SEdS 2 d d

t=d |CP/SE + 1.9Whg | SEd (2) . ) . 4y

I - N B s aa

C=03 C=03
[Use Eq. (2) or (5)] [Use Eq. (2} or (5)]
(k)

(i)

We can use mathCAD's ability to analyze a large number of CF flanges simulataneously. The following
calculations are parallel calculations (not matrix or vector calcs). Read straight across from desired flange size,
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ODgE , in order to find associated quantities:
— tnomCF ™
Flange size Number of bolts Knife edge diameter - tep -
1.33 6 72 T
dbolt
2.125 4 1.09 T ! \ ()
h : - .
2.75 6 1.65 \g e o3sle
3.375 8 2.20 * : S
oD 45 | N 8 . 3.04 | ob il
= in = = in S
CF™ 1 4625 CF™ 110 ke ™| 335 N
6 16 454 Qoo e N[
050 — //// / ey
8 20 6.54 ko N
10 24 8.54 A,
13.25 30 11.35 1 W\ s
Fig. 11 CF (conflat) flange dimensions
Flange size Bolt circle dia. Flange thickness Bolt dia. Height of bolt flange
1.33 1.062 285 .16 .05
2.125 1.625 47 25 .05
2.75 2.312 5 3125 .05
3.375 2.85 .62 3125 .05
oD 45 | . 3.628 | 68 | . 3125 | . 05 |
= n = m t = n = n = n
CF ™1 4625 be™ 1 403 nomCE | 75 bolt™ | 3175 171 o5
6 5.128 78 3125 .05
8 7.128 .88 3125 .05
10 9.128 97 3125 .05
13.25 12.06 1.12 375 .05
Bolt Load W:

We have several choices here, use the flange mfr.'s recommended bolt torque (T¢r mpc), @ torque found to pull
flanges together (Toe an; See ANL note in Appendix) or use a value bolt torque (T,e.) back calculated to
withstand the required pressure (times a suitable safety factor) without exceeding ASME allowable flange
stress for loose flanges, which the 2.75 OD flange is. This is the controlling configuration, and is treated in the
section below for Flanges with Large Central Openings. It turns out that higher torques are not necessarily
better, the additional edge moment creates flange stresses higher than allowed. If the joint fully closes (flange
faces fully touching under bolts), then the joint design is changed and edge moment is reduced or eliminated,
however this is not a reliably achievable condition. The Appendix contains a note testing this method (no
pressure tests however). We use this back calculated torque T, (recommended torque) below by assigning
T\ec 1o Tcr: Note that under ASME code Section VIII, non mandatory Appendix S-1 certain allowances can be
made to use higher than calculated bolt tensions if needed in order to achieve sealing under unusual
circumstances. Use of annealed copper gaskets is recommended. Sustituting elastomeric O-rings (Vition,
Buna-N, PTFE) is also possible; this eliminates edge moments from tightening. The procedure here will be to
start by using annealed Copper gaskets; tightening bolts initially to T,,, then leak checking during pressure
testing; additional torque is to be used only if necessary. Safety will achieved via the pressure test, and also by
noting the previous experience and testing of others as documented in the LLNL Safety Note END 92-072 (in
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Appendix), showing that CF flanges will leak before breaking from pressure loads.
Torques, bolt
1.33 40 7 65
2.125 163 from ref. 3, 12
2.75 163 ANL CF 15 4
3.375 197 E;epf(:t? 15 6.5
OD(f = * i TCR ANL = 27 g i SOCHMENL B e S WA Rl T
4.625 - 190 torque CE_MDC ™ | 45 rec | g5
required to
6 217 oull CF 15 9.5
8 246 flanges fully 15 10.5
10 260 together 15 1
13.25 330 26 15
Torque Used:
Tep = Tree
Total Bolt Load:
- 1.33 1463
Wep = NCF—STCF 2.125 4800
dpot 275 4608
3.375 9984
ODp = + in  Wep= 19200 Ibf
CF ™1 4625 CF ™1 18240
6 29184
8 40320
10 50688
13.25 72000
: 0.42
2.75 045
SN 3.375 0.57
tcF = (tnomcF ~ P1) 45
ODCF=| 4 625 |™ tCp = % i
0.7
6 0.73
8 0.83
10 0.92
13.25

1.07
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radial distance from

1.33
gasket load center to 0.171
bolt circle: 2.125 0267
275 0.331
3.375 0.325
4.5
— = i 0.294
OD p = in
= - CF _
hg =0.5 (dbc dke) 4.625 hg = 0.34
6 0.294
8 0.294
10 0.294
13.25 0355
E=1 Cj =023 2858
3619
Solving for pressure in eq (2) above: 2808
5 2545
S34'E | tcp 19Wephy 1591 |
P. = — P. = pst
J C 2 3 J | 1866
dke  S304E-die
1143
805
622
482

CF gasket calculations

in

All pressures are greater than:

so all CF blank flanges are suitable for use,
when torqued to T

From Appendix 2 Section VIII-Div. 1 Rules for Bolted Flange Connections with Ring type Gaskets subsection

2-5, Bolt Loads:

The required bolt load for the operating conditions W, is

determined in accordance with eq. (1).

u;ml = H+ Hp

0.785G*P + (2b X 3.14GmP)

(1)

(2) Before atight joint can be obtained, it is necessary
to seat the gasket or joint-contact surface properly by
applying a minimum initial load (under atmospheric tem-
perature conditions without the presence of internal pres-
sure), which is a function of the gasket material and the
effective gasket area to be seated. The minimum initial
bolt load required for this purpose W, shall be determined
in accordance with eq. (2).

W,y = 3.14bGy
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where G is the gasket diameter

for flat copper gaskets (from Table 2-5.1):
Moy flat = 4.75 YCu_flat = 13000psi

effective width b is taken to be 80% of the width of the interference (.0384 in) of the knife edge (to allow for less
than full joint closure) and the gasket (.08" thk.):
by = 80%-.0384in  .0384 in. measured from 2.75 in flange MDC CAD model; assume same for all flanges
bye =0.031in

G = dy, + 2b,, outer diameter of effective compressed gasket area

solving eq (1) above for maximum pressure, (in two stages, to allow concurrent calculation)

1

Pmi1 =
(O.785G2 + 27y mey ﬂat-G)
—_—
Pt = (Pm1"WeE)
and eq(2):

W2 = 3'Mbke'G'yCu_ﬂat

1.33 1223 980 1463
2.125 2290 1444 4800
275 1191 2146 4608
3375 1640 2836 9984

oD 45 P BT W 3889 Ibf compare--> W 19200 Ibf
= 1n = S1 = -—> =

CF ™1 4625 ml = g7 |P m2 = 4o78 CF ™1 18240
6 1400 5770 29184
8 1001 8278 40320
10 768 10786 50688
13.25 639 14310 72000

We see that the gasket preloading requirement W ., is easily exceeded by the actual preload W g, and that the
gaskets can theoretically hold far higher pressure than necessary (350 psi).

CF Blank Flange maximum opening diameter:
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UG-39(b) Single and multiple openings in flat heads
that have diameters equal to or less than one-half the head
diameter may be reinforced as follows:

UG-39(b)(1) Flat heads that have a single opening
with a diameter that does not exceed one-half the head
diameter or shortest span, as defined in UG-34, shall have
a total cross-sectional area of reinforcement for all planes
through the center of the opening not less than that given
by the formula

A = 05dt + 1, (1 - f)

where d, t,. and f, are defined in UG-37 and ¢ in UG-34.

The 2.75 inch CF flange of the spool does not meet the above requirement,and is considered a loose flange, in a
subsequent section. Nevertheless it is useful at this point to check to see if flanges that meet the requirement above
are adequately reinforced for MAWP. Assume in formula above, that nozzle thickness is zero. First we determine

minimum thickness required: t ( here t ;). From subsection UG-34 :

(2) The minimum required thickness of flat unstayed

from sketches (J), (k) C:=03 circular heads, covers and blind flanges shall be calculated
by the following formula:

weld efficiency: E:=1 (assume stock flanges only

i =d/CP/SE (n

except when the head, cover, or blind flange is attached
by bolts causing an edge moment [sketches (j) and (k)] in

C‘PMAWP 1.9WCF‘hg which case the thickness shall be calculated by
'min_CF = ODcp Sans-E + 3 t = d [CP/SE + | 9Whg | SEd’ (2)
304 S304-E-OD(R
minimum flange thickness thickness available for reinforcement
0.165 0.07
0.285 0135
0.304 0.146
0.389 0.181
t . = 0.475 in 0.155
min_CF 0.49 tCF ~ tmin CF = in
' i, 0.21
0.57 016
0.047
0.69 0.14
0.144
0.816 0.104
0.201
1.051 0.019
Area available for reinforcement 0.306 0.199
—T050 _| 0349 ). 2 0.342
Arein_CF = [0-5°ODCE (tCF ~ tmin_CF)] Atein_CF = in
0.487 0.446
Maximum central opening diameter: 0.48
0.537
. Arein_CF 0.558 ; 0.554 |
. = —_— . = mn
i_max_CF tCF 0.518 i_max_CF 0.695
Note that the above bolt torques, calculated to give maxim 0.125 0.658
allowable flange stress, essentially "use up" the reserve thickness 0.672
in the flange so that only small central openings are permitted. ‘
These torques can be modified if needed to give larger central 0.563
openings. 0.117

CF flanges with large central openings (ID>0.50D):
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For the small 2.75 inch flange on the spool (or for any central opening larger than that computed above) we
consider this as a loose flange, per mandatory Appendix 2 of Section VIII- Div. 1, Rules for Bolted Flange

Conections with Ring-type Gaskets, subsection 2-4 Circular Flange Types, as the attached tube does not
contribute any strength to the flange. From subsection 2-6 Flange Moments:

Flange Moment 250
1284
1525
3245
]
M W% (C _ G) M Werp-h M 2643 Ibf -i
= = . -1n
0 B 0 ( CF g) 0 6202
8580
11854
14902
Flange Stresses:
25560
From mandatory Appendix 2, subsection 2-7 Flange Stresses:
. 1.33 .625
First, compute several factors: Flange
2.125 maximum 1
2.75 inner 1.75
diameter
33751 (from MDC 2
A= OD A 3, catalogue) ID >3 B:=ID~r B
= = 1n = n = =
CF 4.625 CF 3 CF
6 4
8 6
10 8
2.128 13.25 10.75 2.726
2.125 2.731
1.571 4.47
N 1.688 5 3.885
A 1.8 | K™ log(K) 3.474
K:i=— K= Y :=| — 0.66845 + 5.717- Y =
B 1.542 K-1 2 4.659
K -1
1.5 4.961
1.333 6.903
1.25 8.83
Bolt Torque used:
1.233 9.406

o N B~ W

10.75

in
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19751 1.33
Flange Stresses (egs. 9): 19878 2.125
19240 _ 4 2.75
Tangential: 19398 5304 =2 107psi 3375
—_9 :
Y-M
0 19764 St <S OK 4.5
Spi= St = si T =304 ODf = in
T 2 T7| 10657 | CF™1 4625
top B
19969 6
Radial and Axial stresses =0 19798 8
19433 10
19534 13.25

6. Kimball Physics Octagon

This is a 304 stainless steel machined octagonal vacuum chamber. It has eight 2.75 in CF ports, which will be
used for feedthroughs and as above, we use subsection UG-27:

4=.329 =q. 1n.

=5413 =q. in
A=0775 sq. in,
Ra-dst
( ez *I,aao e
AT
5 ]

1340 F

@257

EVE

Axial Xsec Tronsverse Xsec

Fig. 12 Kimball Physics octagonal vacuum chamber ("octagon”)
Areas, minimum of half cross sections:

A = 2-0.54151n2 AL = 1.083in2 = 4-(0.329 + 0.0775) in2 = 1.626in2

circ circ Along Along

Fig. 13, section area measurements, octagon
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Radii: R; o= 3.5in note: this is largest radius (at the 2.75 in CF flanges)

Equivalent thicknesses (by dividing out radius)

B Acirc _ .
toct_circ = R. oct_circ = 0-3091in
1_oct
A
long .
toct_long = R. toct_long =0.465in
i_oct
Weld Efficiency:
E=1 machined, not welded
Minimum equivalent thicknesses:
t PMAWP R oct ) 00621 . 03091
oct_min_circ = oct_min_circ = VY041 «mpare -- oct_circ — U-2U7 10
S304' B~ 06 Pyawp pare ==
PMAWPR{_oct t =0.465in

t

t =0.031in compare --> oct_long

oct_min_long = oct_min_long

7. Source Tube

This is a closed end tube welded to a 2.75 " CF flange for the purpose of introducing a small radioactive
source into the chamber without opening up the vessel. The vessel pressure acts on the end and outer
diameter of the tube, thus tube buckling is a possible failure mode. We use subsection UG-28 Thickness of
Shells and Tubes Under External Pressure:

@840 5TK
4[*(05,075) 5T

" ! see Detaill

f 15,660

| 15.860 |

116
e LT

. 830
0,08
VA TIGHT Section A-A
EY e

[N E :
TURN TO FIT ITEM 1

®.500

FRONT1

I~ e 1502

SCALE 12
30 L_ Detailt
033

SCALE 51

.050
013

Fig 14, Source Insertion Tube
Tube is a 1/2 in. schedule 10S, ASME SA312 TP304 stainless pipe

Do_st = .84in Lst = 16in to = .083in

External pressure, maximum: P = -Ppawp
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The maximum allowable working external pressure is determined by the following procedure:

Compute the following two dimensionless constants:
Ly D

o_st
=19 =

=10
t

D

o_st st

From the above two quantities, we find, from fig. G in subpart 3 of Section II, the factor:
Ay =012

Using the factor A in the applicable material (304 S.S.) chart (HA-1) in Subpart 3 of Section Il, Part D, we
find the factor B:

B = 14000psi

A08 FIG.G GEOMETRIC CHART FOR COMPONENTS UNDER EXTERNAL OR COMPRESSIVE LOADINGS (FOR ALL
MATERIALS) (NOTE (191 FIG. HA-L CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE

O T T T T T T TTT DEVELOPED FOR AUSTENITIC STEEL 18Cr-8Ni, TYPE 304
w00 s s e He TS TS LS s 118 EE sIe

S1E44 e 1 + =+ 1
2 o S 20,000
T LR T
® | GENERAL NOTE: See Table HA-1 for tabular values. | D10 100} 16 o0
l | = — T ‘ ‘ ‘ 14,000
| | = Rl
WA ‘! ol =T ] FHHH 10,000
JHA | —— 700°F 9,000
VI 1 H Pt LU 6000
\ Y =1 T [ (900,00 @
\ =i Ean =200 ] 5
\! | | — — T eo0 B
I i > u fftysee g
\ 1l ll ‘l l1 L— 1T 5,000
Tt // A |~ [_[1.500°7 ™
\ SRR 2% — T
AY l\ \\ | “ =280 10 —— 4,000
E =259 X 10 o 3500
N \l | & E - 2358 % 10°) LT 5,000
I\ \\ ‘%\ \ b E =224 % 10° i~ s
E =203 % 10°
i\ 2,500
8 SRR RN/
. AN N\ NN 2000
16 2 \o} 2
| o . 3 4 56789 2 3 4 656789 2 3 4 56789 2 3 4 56789
X % \x\, 0.00001 0.0001 0.001 0.01 0.1
T T t
g z‘J 456789 \ZL 3 5:7&'9 Factor A
o oo o o

The maximum allowable working external pressure is then given by :

4B,
max_st = T N Prax_st = 1844psi  (external)

o_st

P

BY:

Pmax_st > 1-PMAWP so the source tube is safe from buckling under test pressure load
There is a bending moment on the tube where welded to the flange from the weight of the source collimator

Tube weight: Pgg =8 am
— 3 —
W= pgg Dy g teLope em> Wy = LOI3Ibf

Collimator is either tungsten (19.3 gm/cc) or hevimet (19gm/cc). Maximum possible dimensions:

— — _ : — gm
leol = Lgt deol = Dy g — 2t dgop = 0.674in pw =193
X . cm
Weight of collimator :
T 2
Weol = chol leorPw g Weol = 398 Ibf
Moment on tube Moment of Inertia, source tube

T

) 4 4 .4
M= Weop(Lgp = 0:5lcq)) + W 0.5L Mgy = 39.91bf -in I = a(DO_St —dgg ) I =0.014in

col
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Stress, bending:

M:05D, o . B
= G = 1172psi negligible

Ot
st
ISt

Axial Compressive Stress on tube:

The tube is relatively long and may be subject to Euler buckling. ASME code treats this as an alternate
maximum allowable stress, rather than a maximum loading. From subsection UG-23 Maximum Allowable
Stress Values, maximum allowable axial compressive stress, is smaller of :

S, from above (20 ksi) or:

B, as computed below

First, determine minimum required thickness (not sure why actual thickness is not used here):

t .023in found using external presssure formula above for 500 psi (test pressure)

st_min =
Then, determine the quantity:

0.125
= Ay =0.007

A
stl -
(05D, &)
tst_min
From Subpart 3 of Section Il, Part D, chart HA-1:

B = 13500psi

st_max :
Actual compressive stress (at test pressure of 1.5x MAWP):

LPyvawp Do st ~ oK
m Ot ax = 1328 psi
st

Ogt_ax =

Welds are nonstructural, and do not carry pressure loads (other than vacuum); they are primarily for sealing.
Window stress (mtl:304SS):

From subsection UG-34, Unstayed Flat Heads and Covers :

(2) The minimum required thickness of flat unstayed
. circular heads, covers and blind flanges shall be calculated
by = 1.5mm RW = .25in by the following formula:

E,, = 0.7 (outside HAZ, but use any t = a[cp/sE .

t =1.1mm OK

min_w
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8. Gas System (in detail) (Tom Miller, designer)

%\m
P2 ®

S

F'1®

450psi relief

e

' L”VE“J Bypass ' W3
MAWP=350psig T P4 bt Ho
EBP Backing Pump m %
cC Cold Cathode gauge vE w7 .
[o{e Cohvectran Gauge f ‘ R1 R2
Frd Flow Meter
RGA Residual Gas Analyzer A_FF% %
TC Thermocouple gauge 3 RE Cylinder
WP turbo pum i valves
pump W1 Q Gas Purifiers : W1 Y2
Filter l
Argon Henan
Purnp1 @ 1 gas gas
supply supply
s | -— cylinder cylinder
Apsig Relief
! | ol
Ha -
i 350psig Relief
w10
Bl () o ? Tl
Cabling W11 T Cy2 R3
Feedthrough }X |
7 J :
%12 I
1500psi relief
H5 W14
Gas Exit \ Main Pressure Vessel l
GAS INPUT psl P ? o+ T3
Xenon
=} 1
L Ha reclamation
cylinder (C1)
10psig L
Rupture disc VIG
iCC Pa LN2 hath
~
"‘@F)_ VP ] Transducer Tewas
W17
Fig. 15. Gas system (same as fig. 5)
Operation:

This TPC (Time Projection Chamber) gas system is designed to circulate purified Xenon gas at
pressures up to 300psig MOP (225 psig MOP) initially with Ceramtec SHV-20 feedthroughs installed). The
AHD will initially specify only an 250psig MAWP (225psig MOP) with these feedthroughs, then it will be
updated to the higher pressure MAWP only when these feedthroughs are replaced with higher pressure rated

feedthroughs.

In operation, the procedures are sequential, unless otherwise indicated. There are steps inserted for
checking valve status, Valves listed in bold red are closed; Valves listed in nonbold green are open.
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1. Complete system pump-down

a. Close V1, V2 and V10. Open R1 and R2 one turn each.

b. Open V4, V5, V11, V13-V16. DO NOT open V6-V9.

c.V1VvV2V3V4V5V6V7V8VIV10V11V1i2V13V14Vi5V16 V17

d. Turn on the backing pump and convectron gauge controller

e. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller. Open
V3 and V12.

f. When the cold cathode gauge reads < 5e-5 torr, open V17 and turn on the RGA.

g. If the system pressure and RGA scan are acceptable, turn off the RGA. If not, continue to pump until the
pressure improves to an acceptable level.

h. Close V3, V4, V13-V17. Back off R1 and R2.

i. Turn off pumps and controllers.

j-V1V2V3V4V5V6V7V8VIVI0V11Vi2V13V14V15V16 V17

. Proceed to step 3.

=

2. System pump-down with xenon in the Xenon reclamation cylinder

a. Close V1, V2 and V10. Open R1 and R2 one turn each.

b. Open V4, V5, V11-V13, V16. DO NOT open V6-V9.

c.V1VvV2V3V4V5V6V7V8V9V10V1i1V1i2V13V14V15Vi6 V17

d. Turn on the backing pump and convectron gauge controller

e. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller. Open
V3.

f. When the cold cathode gauge reads < 5e-5 torr, open V17 and turn on the RGA.

g. If the system pressure and RGA scan are acceptable, turn off the RGA.

h. Close V3, V4, V13, V16 and V17. Back off R1 and R2.

i. Turn off pumps and controllers.

j- V1V2V3Vv4V5V6V7V8VIV1I0Vi1Vi2V13V14V15V16 V17

k. Proceed to step 3.

3. Argon purge

a. V1v2v3v4V5Ve6V7V8V9V10V11Vi2V13V14V15V16 V17
b. Back off R1. Open V1

c. Set R1 to 20psig

d. Open V4.

e. Wait for P3 to read > 5 psi. Open V10 1/4 turn. Argon will bleed out the 5psig relief.
f. Wait 5 minutes, then close V10.

g. Start pump1

h. Once P3 reads 20psi, close V1 and V4. Back off R1.

i. Continue pumping for desired interval.

j- Turn off pump1.

k. Open V10 to vent argon.

I. When P3 reads < 6psi, close V10, V12.

m. V1 V2V3V4V5V6V7V8VIV10Vi1 Vi2Vi3V14Vi5V16 V17
n. Proceed to step 4

4. Post-purge pump-down

a.V1v2v3Vv4V5V6V7V8V9V10V1i1V1i2V13V14V15V16 V17

b. Check that P3 reads < 6psi. Open V10 to relieve pressure. Close V10 when done.

¢. Open V4 and crank down R1 1 turn.

d. Start the backing pump and convectron gauge controller

e. Slowly open V16.

f. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller.
g. When the cold cathode gauge reads < 5e-5 torr, open V17 and turn on the RGA.

h. Close V4 and back off R1.

i. If the system pressure and RGA scan are acceptable, turn off the RGA, close V16 and V17.
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j- Turn off pumps and controllers.

k.

V1V2V3V4V5V6V7V8V9IV10Vi1V12V13V14V15V16 V17
If the partial pressures are not acceptable, repeat procedure from step 3.

m. If the Xenon reclamation cylinder is filled, proceed to step 6.

5.
a.
b.
c.
d.
e.

Xenon reclamation cylinder fill procedure
V1V2V3V4V5V6V7V8VIV1I0 Vi1 VI2V13V14V15Vi6 V17
Back off R2. Open V2 and V12.

Open V13 and V14. Check that V10 is closed.

Set R2 to 200psig

Carefully open V4

f. Once P3 reads 200psig, close V4

g.
h.

Read the gas temperature at the TC. When T > 15 deg C, continue
Set R2 to 300psig (225psig initial)

i. Open V4
j- Once P3 reads 300psig (225psig initial), close V2 and back off R2.

k.

Chill C1 with LN until P4 bases out.

|. Close V4 and V14.
m. Open V2. Set R2 to 50psig

n.

Open V4

0. Once P3 reads 50 psig, close V2, V4 and back off R2.

p. Open V14,

g. Continue to chill C1 with LN until P4 bases out.

r. Close V13 and V14. Stop chilling C1.
s.V1V2V3V4V5V6V7V8V9V10Vi1Vi2V13V14V15V16 V17

t. Proceed to step 6

6. Chamber fill from Xenon reclamation cylinder
a.vV1v2v3v4V5VeV7Vv8Vv9 V10 Vil Vi2V13 V14 V15V16 V17
b. Close V11

b. Back off R3. Open V14

c. If P5 < 300psig (225psig initial) at any point in step 6, turn on heat to C1
d. Once P5 > 300psig (225psig initial), set R3 to 200psig(150psig initial)
e. Close V4.

f. Open V13

g. Open V6, V8

h. When P3 reads 200psig, close V13

i. Check the temperature at the TC. When T > 15 deg C, Continue
j- Set R3 to 300psig(225psig initial)

k.

Open V13

I. When P3= 300psig (225psig initial), close V13 and V14
m. Close V5, V6, V8. Back off R3.

n.
0.

Q ™ 0O QT o N

TPC is ready to operate
V1V2V3V4V5V6V7V8VIV10 V11 V12 V13 V14V15V16 V17

. TPC operation

.V1V2V3V4V5V6V7V8V9I V10 V11Vi2V13 V14 V15V16 V17
. Open V6,V7 or V8,V9 and V11

. Start pump1

. Monitor total flow with FM1. Adjust pump controller as required

Log flow and pressure at P4, if desired

.V1Vv2v3v4V5V6V7V8V9V10Vi1V1i2V13 V14 V15V16 V17 (V8,V9 may be open

instead of V6,V7)

. TPC shutdown
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.V1Vv2Vv3Vv4vV5V6V7V8V9 V10 V11 Vi2 V13 V14 V15V16 V17 (V8,V9 may be open instead of V6,V7)
. Stop pump1

. Close V6-V9, as required.

. Stop data logger

.V1VvV2V3Vv4V5V6V7V8VI V10 Vi1 V1i2V13V14V15V16 V17

® OO0 TOw

. Cryogenic Xenon reclamation from TPC

.V1V2V3V4V5V6 V7 V8VIVi0 Vi1 Vi2V13Vi4Vi5V16 V17
. Open V5, V13, V14. Close V12

. Chill C1 with LN.

. Once P4 bases out, close V13.

. Close V14.
f.v1V2V3V4V5V6V7V8V9IV1I0Vi1V12V13V14V15V16 V17

O QOO T D ©

10. Let-up to Argon

a.V1v2v3Vv4V5V6V7V8V9V10V1i1 Vi2V13V14V15V16 V17

b. Back off R1. Open V1

c. Set R1 to 15psig

c. Open V4

d. When P3 > Opsig, close V1. Back off R1.

f. Open V10.

g. Once the 5psi relief is closed, close V10, V11

h. Proceed with disassembly of TPC. Leave 1 main flange bolt loosely in place until any residual pressure is
vented.

i.V1V2V3V4V5V6V7V8VIV10V11V12V13V14V15V16 V17

11. Replacement of Argon gas supply cylinder
a.V1Vv2v3Vv4V5V6V7V8V9 V10 Vi1 V12 V13 V14 Vi5V16 V17

b. Make certain V1 is closed. Back off R1.

c. Disconnect R1 from Ar cylinder.

d. Connect new Ar cylinder to R1.

e. Crank down R1 1 turn.

f. Open V3

g. Start backing pump and convectron gauge

h. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller.
g- When the cold cathode gauge reads < 5e-5 torr, close V3 and turn off pumps.
h. Back off R1.

i.V1V2V3V4V5V6V7V8VIV10V11V12V13V14V15V16 V17

12. Replacement of Xenon gas supply cylinder
a.V1Vv2v3Vv4V5V6V7V8V9I V10 Vi1 V12V13 V14 Vi5V16 V17

b. Make certain V2 is closed. Back off R1.

c. Disconnect R2 from Xe cylinder.

d. Connect new Xe cylinder to R1.

e. Crank down R2 1 turn.

f. Open V3

g. Start backing pump and convectron gauge

h. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller.
g.- When the cold cathode gauge reads < 5e-5 torr, close V3 and turn off pumps.
h. Back off R2.

i.V1V2V3V4V5V6V7V8VIV10V11V12V13V14V15V16 V17

Relief Valve Capacity
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There are no operating conditions whereby a sudden pressure rise can occur, such as a sudden release of
energy leading to rapid gas heating, or loss of insulating vacuum. We consider some extraordinary
circumstances:

Pressure Rise under Gas Cylinder Regulator Failure

This is probably the most credible mechanism for accidental overpressure (someone accidently screws a
regulator all the way in, then opens a valve downstream) Regulators are Matheson Dual Stage High Purity
Stainless Steel, model 3810 :

maximum flow rate (@2500 psi N2 inlet pressure)

Qe = 300SCFH

. Qreg = 3 SCFM

Pressure Relief valve is a Swagelok R4. From relief valve catalog ms-01-141.pdf, flow curves are:

= R3A
Air Flow, std L/min — R4

0 ; 500 10|DO 1500 2000 2500

-

=]

S
|

_ Set Pressure
550 psig (37.8 bar)

@

o

=}
|

500 — -

350 psig (24.1 bar) 30
400— /

=

300— 200 psig (13.7 bar) —20
200 == -

T T I e A A A
0 10 20 30 40 50 60 70 80 90 100

Air Flow, std ft3/min
Fig 16. Pressure Relief Pressure Drop

Inlet Pressure, psig
Inlet Pressure, bar

For a set pressure of 350 psig, and a flow rate Q,,, we find (green lines) an inlet pressure of:

reg’

P, 1ot = 370psi  ASME Boiler and Pressure Vessel Code, Section VIII subsection UG-125 Overpressure
Protection subsection (c) calls for (in this case) a maximum of 10% vessel overpressure
under relief condition.

Pinlet

-1=57% OK
350psi
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TPC Gas System parts list

Pressure
1D MFR. Part Number E Note/Product Description ratirg {psig)
Swagelok
W34 VIOV WY SE-8BGYAT-YD 1/2" valve Femnale WCR 000
" (rixed) S5-8BGYCR-YD 172" vahe Male WCR 000
aa-CHYCRE-1/3 172" YCR check valve 1/3 psi apening 6O00
S5-R4MEFE-SC11 Relief valve .25 arifice BO00
So-dR3AS Felief valve .14 arifice BO000
177-R3AKIT-A 350-750 psi spring kit far line B -
177-REA KT -A 0-350 psi spring kit fo line B
177-13K-R4-A 0-350 psi spring kit fo- line 5 -
=3-FhdRMARFA-12 1/" %CR haose MAF fittings 12" Ig 3100
S5-4-CR-7-8VCRF-5C11 172" to 174" VCR reducing adapter 14300
S5-8-WWCR-B-DF-3C11 1/2" %CR close couplng 5300
J 5E-E-WCR-T-5C11 172" WCR Tee 10300
Mi--8-%CR-2-5C11 - 172" Ag plated NiCR gasket -
Mi-4-%CR-2-3C11 - 174" Ag plated Ni %CR gasket
55-8-VCR-CP-5CM 172" VCR cap
55-8-vCR-P-5C11 12" TR plug -
S5-8-vCR-9-5C11 172" VTR elbow 10500
S5-4VCR-2-4-501 14" VTR elbow 14300
Filter S5-6TF215-5C1 15 micron TF type filter 38 MPT 3000
S5-8-VCR-7T-B-5C11 38 NPT to 1/2" VR “emale connector 5300
S5-8-VCR-7-8-5CN 1£2 NPT to 12" WCR ‘ernale connector 4900
55-4-%CR-1-4-5C11 1/4 NPT to 1/4" VCR nale connector 8000
55-8-YCR-4-5C11 172" %CR Male tube nut -
55-8-vCR-1-3C11 172" %CR female tube nut
So-4-4CR-4-5011 1/4" %CR Male tube nut
S5-4-vCR-1-3C11 1/4" %CR female tube nut -
55-8-vCR-3-5C11 172" VTR socket wele 3000
55-6-YCR-3-5C11 12" %CR socket wele 378 tube 8200
S5-FMARFARF4-36 174" %CR hose F fittings 36" 1g 3100
S5-FMARMARF4-48 174" %CR hose MF fittings 48" 1y 3100
=o-FWARFARFA-24H 1/4" YCH hose F fittings 24" 1g 3100
53-6-RB-4-5C1 3/8 MPT to 1/4 NPT reducing bushing 3000
BL%-8-%CR-35-4TE7 172 %CR to 174" tube educing gland 5100
- 38 0D ¥ 0358V 31B5ST Tubing 2938
- 1/4 0D x .035Wy 31655T Tubing 4375
35-8-vCR-C3 1/2" %CR cross 10500
55-4-WNCR-1-4 174 MPT male to 144 VCR fermale 10200
S5-4-WCR-T 1/4" VTR tes 14300
S5-4-WCR-CS 174" %CR cross 14300
55-0EYET 114" % CR diaphragm valve 2500
SS-4-WAWCR-T-4 174" fern VCR to 144 fern NPT GE00
S5-8-VCR-3-4TEW 172 WCH to 174" tube -educing gland 13600
55-4-MCR-3 1/4 %CR socket weld gland 5500
S5-0-%CR-B-DM-4 Double male %CR reducing union 1/2 to 1/4 10200
53-4-CR-7-4 174 male YCR to 174" NPT female BEO0
S5-4-CR-1-00032 174 male YCR to 9416-18 adapter 14300
55-8-CR-1-01081 172 male “CR to 9416-18 adapter 15000
S5-4-WCR-3-4TA 174 swage to 174 WCR gland 10200
F1 P2 4066418 0-600 psig dry gauge BOO
F3 400548 0-400 psig dry gauge 400
PS5 355224 0-2000 psig dry gauge 2000

Arme Creanenics for | 1R arie 3




Lawrence Berkeley Laboratory-

Univ. of California

Engineering Note

cat. code: RP3030

serial :10506

dept.: Mech.Engineering

page: 30 of 272
DRAFT date:6/9/2010

] == =
11 1 ¥enon condensation cylinder 3000
| Pump Warks Inc.
1P1 PW2070 Fositive displacement purmp 1400
SAES Pure Gas inc.
HF130 inert gas purifier 1000
| W CE0 inert gas purifier 1000
%584 valves supplied w' above purifiers 1000
| Carten
%16 HF2000 2" straight thru valve 350
| Matheson
|R3 3818-5580 15-350 psi regulator with G type inlet 3500
| Omega
IFMT, P2 Frd&1818 flowmeter Sslpm 500
P WM G500 10P3COTIAG a00 psig pressure transducer 500
|TC EN202108/TC-K-MPT-U-72/3" || Pipe plug TC probe 2500
Ceramtec
18088-01-CF SHY-20 Coaxial feedthrough, 1.33" CF flange 250
3530-02-CF SHY-S Coaxial Feedthrough, 1.33" CF flange 1400
18898-01-CF Fultipin feedthrough 2.75" CF flange, 32 pin 375

9. Test Procedures

9.1 Pressure Vessel and 350 MOP Head

These components have been tested at LLNL to higher pressures than used here. No retesting is needed, as
there are no corrosive gasses or other materials used, and the vessel and lid have not been modified. Any
minor modifications, such as rewelding a VCR fitting to the Vessel will require a retest. MESN-99-020-OA
does not specify any retesting requirement. Since no cryogens are used, the vessel and head may be
retested using a hydrostatic test in accordance with ASME Boiler and Pressure Vessel Code Section VIII,
subsection UG-99 Standard Hydrostatic Test. Test pressure is 1.5x MAWP= 525 psig. Nevertheless, this
component will be further tested, in its installed configuration, along with the gas system test at a test
pressure of 1.25x MAWP = 438psig (313 initial).

9.2 Spool

This component will be hydrostatically tested by the manufacturer in accordance with ASME Boiler and
Pressure Vessel Code Section VIII, subsection UG-99 Standard Hydrostatic Test, and tagged by the
manufacturer, and may be used as received. Nevertheless, this component will be further tested, in its installed
configuration, along with the gas system test at a test pressure of 1.25x MAWP = 438psig (313 initial).

9.3 Octagon

This component is not rated for pressure by the manufacturer, though the manufacturer does supply pressure
rating recommendations. It shall be tested by either a certified pressure installer here at LBNL, or by an
independent testing lab. It shall be tested using a hydrostatic test in accordance with ASME Boiler and
Pressure Vessel Code Section VIII, subsection UG-99 Standard Hydrostatic Test. Test pressure is 1.5x
MAWP= 525 psig. Nevertheless, this component will be further tested, in its installed configuration, along with
the gas system test at a test pressure of 1.25x MAWP = 438psig (313 initial).

9.4 Source Insertion Tube

This component will be hydrostatically tested by the manufacturer in accordance with ASME Boiler and
Pressure Vessel Code Section VIII, subsection UG-99 Standard Hydrostatic Test, and tagged by the
manufacturer, and may be used as received. Nevertheless, this component will be further tested, in its installed
configuration, along with the gas system test at a test pressure of 1.25x MAWP = 438psig (313 initial).

9.5 Gas system

All other attachments, fittings and components are pressure rated by the manufacturer as in the above table
and may be used as installed up to MAWP. Nevertheless, this system will be tested, in its installed
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configuration, along with the gas system test at a test pressure of 1.25x MAWP = 438psig (313 initial), as
described below:

9.6 Final assembled system pressure check

Completed gas system, including pressure vessel, shall be pneumatically tested in place using a remote test
system comprising a gas cyl., regulator, gauge, test valve, and vent valve. There are three sections of the
complete gas system having different MAWP's; therefore the test is in three parts. The test shall be repeated
for each section that is modified. The test system and operator shall be located a minimum of 8 ft. from the
main pressure vessel, with no line of sight to system (behind a barrier; this can be a room wall or the existing
wall of cabinets and workbenches presently on 70A-2263). This test will be done with pressure vessel set to an
MAWP of 350 psig (250 initial). Testing is to be performed by a Certified Pressure Installer, and witnessed by
the Responsible Designer, at a minimum.

Test as follows:

1. Procure:

a. Gas cylinder of clean Ar, N2, CO2, or dry air with supply pressure above 2000 psig.

b. Calibrated test gauge(s) for reading 438 psig (313 initial), 563 psig, and 1875 psig to within
5% accuracy. Gauge maximum scale pressure should not be less that 1.2x or more than 4x the test pressure.
Electronic gauges (calibrated) are permissible, and are not subject to the above range limitations.

c. Regulator(s), to provide above pressures in (b) to fit cyl. in (a).

d. 10 ft. long high pressure clean gas service (e.g. McMaster P/N 5665K34 2-3 ea) or PTFE
lined high pressure chemical hose (e.g McMaster P/N 5830K21, or similar), 2000 psig rated (min.), and fittings
to connect to gas system at T1, T3.

e. Pressure relief valves set to 438 psig (313 initial), 563 psig, and 1875 psig (using calibrated
gauge), to fit exhaust ports of 350 psig (250 initial), 450 psig, and 1500 psig relief valves.

f. Test pressure isolation valve, and fill vent valve, rated for test gas maximum pressure.

g. Test pressure release vent valve on Tee, both rated for test gas maximum pressure.

2. Assemble remote gas cylinder, regulator(RT), test gauge(GT) for 563 psig test pressure, test
isolation valve(TV), vent valve(VV), fill vent valve (VF) as shown in fig. 17 below, and locate around corner from
experiment, out of line sight, and behind wall of cabinets. Survey for, and remove any hazardous material (such
as radioactive sources, flammable liquids, glassware, etc.) from line of sight to test area. Have fire
extinguishers on hand. Note that the pressure relief valve shown in fig. 17 is optional, since test feed ports T1
and T3 cannot be isolated from the system pressure relief valves.

3. Install 438 psig (313 initial), 563 psig, and 1875 psig relief valves into exhaust ports of 350 psig
(250initial), 450 psig , and 1500 psig relief valves, respectively.

4. Check that gas system is fully depressurized.

5. Close valves V1-V9, V11, V12, V15, V16, V17. Back off R1, R2.

6. Remove T1 plug and install hose end.

7. Start the backing pump and convectron gauge controller, Slowly open V3. When the convectron
gauge reads < 1e-2 torr, close V3, and turn off backing pump and convectron gauge controller.

8. Barricade test area to prevent personnel ingress, notify building manager of impending test. Clear
area of all people except for pressure test operator and witness(es).

9. We start by testing 450 psig MAWP subsystem as follows:

10. Check that installed test gauge, GT, and regulator, RT, are for 563 psig test pressure.

11. Open valves V4-V9. Close valve V3. Check valves V11, V12, V16, V17 are closed.

12. Back off RT handle fully.

13. Open test gas cyl. valve 1-2 turns.

14. Screw in RT handle slowly, in steps of 20% MAWP (90 psi), each time closing VT, and watching
GT to see that stable pressures are achieved. Watch GT for 5 minutes minimum, each time. If leaks occur,
back off pressure to 90 psig (20% MAWP) max. and inspect to find leak. See note on possible methods below
fig. 17. Once found, back off RT fully, open test vent valve VV to depressurize fully, and fix leak. If no leaks
occur, continue increasing pressure until 450 psi reads on GT. Record pressures on system gauges. Increase
pressure to 563 psig. Hold for 5 minutes, if presuure is stable, then back off regulator fully, close test gas cyl.
valve, and release system pressure through VV; otherwise depressurize and fix leak as above. Note that it may
be possible to tell when 450 psig relief valve opens, however this should not be regarded as accurate since 450
psig relief valve could leak during test.
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15. Remove 563 psig relief valve from exhaust port of 450 psig relief valve.

16. Close VV, and progressively repressurize system until 450 psig relief valve exhausts, but not past
475 psig. Depressurize and vent pressure. Adjust relief valve if needed then repeat this step.

17. Proceed directly to test main pressure vessel as follows:

18. Open valves V11, V12, V13. Leave V4-V5 open. Close valves V6-V9, V10, V14, V15. Leave valves
V3, V16, V17 closed.

19. Back off RT knob fully.

20. Open test gas cyl. valve 1-2 turns.

21. Screw in test regulator slowly, in steps of 20% MAWP (70 psi, 50 psi initial), each time closing
VT, and watching GT, to see that stable pressures are achieved. Watch GT for 5 minutes minimum, each time.
If leaks occur, back off pressure to 50 psig (20% MAWP) max. and inspect to find leak. See note on possible
methods below fig. 17. Once found, back off RT fully, open VV to depressurize fully, and fix leak. If no leaks
occur, continue increasing pressure until 350 psig (250 initial) reads on GT. Record pressures on system
gauges. If gas system pressure gauge (P3) cannot read higher than 438 (313 initial) psi, then hold for 5
minutes, then back off regulator, close test gas cyl. valve, and release system pressure. Remove P3, plug and
repressurize to 438 psig (313 initial) as above. Hold for 5 minutes, if stable, then back off regulator, close test
gas cyl. valve and release system pressure; otherwise depressurize and fix leak as above. Replace gas
system gauge, if removed. Note that it may be possible to tell when 350 (250 initial) psig relief valve opens,
however this should not be regarded as accurate, since 350 (250 initial) psig relief valve could leak during test.

22. Remove 438 (313 initial) psig relief valve from exhaust port of 350 (250 initial) psig relief valve.

283. Close VV, and progressively repressurize system until 350 (250 initial) psig relief valve exhausts,
but not past 380 (275 initial) psig. Depressurize and vent pressure. Adjust relief valve if needed and repeat test.

24. Remove hose from T1, replace plug.

25. Start the backing pump and convectron gauge controller, Slowly open V3. When the convectron
gauge reads < 1e-2 torr, close V3, and turn off backing pump and convectron gauge controller. Close V3.

26. Test 1500 psig MAWP subsystem as follows:

27. Close V13, V15. Open V14. Screw in handle of R3 all the way. Check that C1 is fully
depressurized.

28. Unplug T3 and install test hose.

29. Start the backing pump and convectron gauge controller, Slowly open V15. When the convectron
gauge reads < 1e-2 torr, close V15, and turn off backing pump and convectron gauge controller. Close V15.

30. Check valve V14 is open. Check valve V3, V13 are closed. Leave V15 closed.

31. Back off test gas cyl. regulator knob fully.

32. Open test gas cyl. valve 1-2 turns.

33. Screw in test regulator slowly, in steps in steps of 20% MAWP (300 psi), each time closing VT,
and watching GT to see that stable pressures are achieved. Watch GT for 5 minutes minimum, each time. If
leaks occur, back off pressure to 300 psig (20% MAWP) max. and inspect to find leak. See note on possible
methods below fig. 17. Once found, back off RT fully, open VV to depressurize fully, and fix leak. If no leaks
occur, continue increasing pressure until 1500 psig reads on test gauge. Record pressures on system gauges.
Increase pressure to 1875 psig. Hold for 5 minutes, if stable then back off RT, close test gas cyl. valve and
release system pressure; otherwise depressurize and fix leak as above. Note that it may be possible to tell
when 1500 psig relief valve opens, however this should not be regarded as accurate since 1500 psig relief valve
could leak during test.

34. Remove 1875 psig relief valve from exhaust port of 1500 psig relief valve.

35. Close VV, and progressively repressurize system until relief valve exhausts, but not past 1600
psig. Depressurize and vent pressure. Adjust 1500 psig relief valve if needed and repeat this step.

36. Remove hose from T3, replace plug. Proceed to purge system as described in Gas System
Operation.

37. Attach pressure test tags to pressure relief valves. These are found in Appendix D of PUB3000.
File pressure test report (also in Appendix D) with Regulator Shop.

Leak checking may be performed at full MAWP after successful pressure testing.




Lavyrence Be',rkelt?y Laboratory- cat. code: RP3030 page: 33 of 272
Univ. of California serial :10506 DRAFT date:6/9/2010

Engineering Note dept.: Mech.Engineering

vent vaive
vV

Legend
1 Vent valve
2 Reqqlalor
Safety manifold § 3 Fill valve
—A-Rellef¥alve— optional
3000 20
—5060 psig (24 MPA) MAWP]  (set at not over 120%
of the test pressure)
Nitrogen, bhallum, argon,
compreasad alr, or house alr

* Test gavge must have a solid front, blow-oul back, and securaly
attached plastic face If over &-Inches In {100-mm) dlameter and graduated
1¢ over 200 ps! (1.4 MPa). The scale should be about double the fest
pressure and never less than 1.2 times the maximum 1ast pressure.

Fig. 17 Pressure Test Set up (Pneumatic, in-situ)

Leak Detection Methods for Pressure Leaks ( not Vacuum):

Leak checking may be performed at full MAWP after successful pressure testing. Prior to tersting leak
checking may be performed up 20% MAWP

Methods (not conclusive):

1. SNOORP - this is essentially soapy water; NOT PREFERABLE, as it may be pulled into vacuum. If used,
clean area throughly with DI water afterwards before pulling vacuum.

2. Helium Leak Testing ( sniffer) - DO NOT USE, glass in PMT's are very permeable to He, which will then ruin
them.

3. Hydrogen Leak Testing (sniffer) - PREFERABLE, uses 5% H2/95% N2 nonflammable mix test gas. Sniff as
with He using appropriate equipment.

4. Gas Bag - PREFERABLE, Wrap plastic bag material very loosely around suspect joint and seal tightly;
watch for inflation.
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Maintain Systems and Vesselé
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )
ME Test No 2236 RD No
Temp
MAWP 150 PSIG - From 40 To 70 F
Status Oper Mode Config Asof Date  As per Person
IN USE " Manned - Vessel ;- .
Inspector - Cert  FAIRCHILD, RICHARD F 0028768 - !I{’rsa?n;e Please specify -
System Fluid Helium
Device Owner 002678 S Designer  DOBIE D.
HEFFNER, MICHAELD R
Ex: LASTNAME, FIRSTNAME
:IR Please specify
Inspection Date 12/13/2006 Test Date 12/13/2006
Inspection Freq 3 years - TestFreq 6years
Expiration Date 12/13/2009 - l
Safety Document Secondary Safety Document
MESN - 01-091-0A :
Location Facility Room
LLNL 194A QT 1131
AD PAD
Department Name not found
Division Name not found
SPRINGER,
Assurance Manager THOMSON, STEPHEN B FPOC Alternate MICHAEL B
Facility Contact LIND, SUSAN G FPOC Exception name Not
Description (also appears on label) Comments
Il "Main pressure vessel #1 (AAA9S- This system was retested on
104242, weld flange). Derated 12/13/2006 to 225 for helium only
vessels on 8/31/01 to 150psig. at 130 PSIG .RF.Have tested an
Vessel feed thrus will not have add on
blast covers, Vessel will expire cone and flang it was tested at
on original experation date of 343 by RF on 3/5/07.
6/01/02,Stored in place as per
Bob Foexschler 8/12/03"
[ Save | [ AssignRD(s) ][ PrintLabels ][ View Test Insp ][ NewTestinsp || Copy |
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Maintain PTRS Te
Test Information (Dates should be In the format MM/DD/YYYY)

sts and Inspections

Daie 12/13/2006
Test Fluid Helium
Test Temp 70 F

This system was tested to 225PSIG
with Helium and will be used with
He only at 130 PSIG.

ME Test No 2286

Test Request No TR-4191

Test Pressure 225 PSIG -

Size Measurements (pressure veasel tests ONLY) Test Comments
Location ||Before Test  |After Test Difference
(marked)li(inches) {inches) (incheg)

Top ’
Center
Bottom

Question

Record.

Inspection Information
Inspect the following and check the appropriate column, explaining as required, Status iz OK or Noi Applicable

1. General appearance of system (or vessel)

2. Relief devices are:
a) properly set (have them checked - reset as required)

b) properly seated
c) pointed in eafe direction or safely vented

3. All fittings and vessel seals are leak tight

4. Replaced or added fittings, gauges, valves (and piping*) are @O0
properly rated

5. All system components are adequately secured

OK N/ARemarks
® C

® 0O
® C
® O
® O

® O

8. Valve packing nuts are tight and locked (if focking type) O ® NA

7. Oll Is not apparent on or in* gas (espacially oxygen) systems @ )
8. The outaide surface of the vessel shows no evidence of - ® O
straln, damage or corrosion, -
8. The inslde surface of the vessel shows no evidence of strain, ® O
damage or corroslon.

10. Lined vessel vent path is unobstructed: check with helium O @& N/A

11. Vessel or system seals are leak-tight. Have replaced as @ O
required =
12. The vessel or system is safe for continuing operation @ O

13. Vessel or system was pressure tested within the [ast 6
years, or as required by the safety note. If not, and certified for ® O
manned area operation, retest it and submit a Pressure Test ~

* consider assurance by the responsible user as safisfactory verification

This data applies to a ® Test () Inspection Only
LL3586 (Feb.2000); Send this completed form to the LLNL Pressure Inspector at 1.-383

FAIRCHILD, RICHARD F 002976

| Save | [ GotoSys/Vess | | PrintLabels ] [ Copy Testlnsp | | Cancel |

hitps://biweb.lInl.gov/pls/Ib/ptes.ptrs_get sv_pgl.ptes edit form_pr

3/5/2010
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General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )

RD Number
MAWP

Status
DELETED

Inspector

System Fluid

Device Owner

Inspection Date
(MM/DD/YYYY)

Inspection Freq
Expiration Date

6224
151 PSIG -,

FAIRCHILD, RICHARD F 002976

Helium

141683 Q

CARTER, DARRELL D
Ex: LASTNAME, FIRSTNAME

12/11/2006

Jyears -
12/11/2008

@

ME #

Deleted as of
03/01/2010

PR # 9785 - ST-TRED-TECHNOLOGY RESOURCES ENGINEERING

Safety Document
N/A o

Location
LLNL

AD

Department
Division

Assurance Manager

Facility Contact
Comments

Secondary Safety Document

Facility
194A

R@

ST-ENGR-ENGINEERING

Name not found

ST-TRED-TECHNOLOGY
RESOURCES ENGINEERING

THOMSON, STEPHEN B

LIND, SUSAN G

| save || Copy || Cancel |

Room
1131

PAD

FPOC Alternate
FPOC Exception

N0.876 pal. Jof1

ml

Deleted per Person
CARTER, DARRELL D

ST-8T PAD-SCIENGC
TECHNOLOGY

SPRINGER, MICHAE
Nzame Not Found
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Maintain PTRS Tests and Inspections:

Page 1 of 2

Maintain PTRS Tests and Inspections
Test Information (Dates should be in the format MM/DD/YYYY)

ME Test No 2356 Date 12/03/1999
Test Request No TR-2833 Test Fluid Argon
Test Pressure 604 PSIG Test Temp 70 F

Size Measurements (pressure vessel tests ONLY) Test Comments

Location Before Test A_fter Test Difference RD 6901 and RD 7319 have a 402
(marked)j(inches) (inches) (inches) | ps1c MAWP and will be used with
Top pressure vessels #1 and # 2.
Used with ME2349, ME2350, ME2351,
Center ME2352, and ME2353. 2 Flanges
were made under the same drawing
Bottom number Modified Test temp -320

Inspection Information
Inspect the following and check the appropriate column, explaining as required. Status is OK or Not
Applicable

Question

1. General appearance of system (or vessel)
2. Relief devices are: ® O
a) properly set (have them checked - reset as required) -

OK N/ARemarks

@ (

b) properly seated @ C
c) pointed in safe direction or safely vented @ C
3. All fittings and vessel seals are leak tight @ C
4. Replaced or added fittings, gauges, valves (and ® C
piping*) are properly rated -
5. All system components are adequately secured @ C
6. Valve packing nuts are tight and locked (if locking @ N/A
type) -
7. QOil is not apparent on or in* gas (especially oxygen) ® C
systems - =
8. The outside surface of the vessel shows no evidence ® O
of strain, damage or corrosion. -
9. The inside surface of the vessel shows no evidence of ® O
strain, damage or corrosion. -
10. Lined vessel vent path is unobstructed: check with @ NA
helium -
11. Vessel or system seals are leak-tight. Have replaced ® O
as required -
12. The vessel or system is safe for continuing operation @

13. Vessel or system was pressure tested within the last

6 years, or as required by the safety note. If not, and ® O
certified for manned area operation, retest it and submita = -
Pressure Test Record.

* consider assurance by the responsible user as satisfactory verification

This data applies to a ( Test ( Inspection Only JUAREZ, ALBERT 454886
LL3586 (Feb.2000); Send this completed form to the LLNL Pressure Inspector at L-383

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get sv pgl.ptrs edit form pr

3/15/2010
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Save | [ GotoSys/Vess | [ PrintLabels | [ Copy Test/lnsp | | Cancel |

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get sv pgl.ptrs edit form pr 3/15/2010



Maintain PTRS Systems and Vessels: Page 1 of 2

Maintain Systems and Vessels ?
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )
ME Test No 2356 RD No
Temp
MAWP 402 PSIG From -320 To 70 F
Stored as
Status Oper Mode Config of Stored per Person
STORED Manned Vessel 09/17/2004  DATA MIGRATION - M
Inspector - Insp - .
Cert JUAREZ, ALBERT 454886 Trainee Please specify
System Fluid Ar/CH4/CO2/He/P10/Xe
Device Owner 002103 % Designer DOBIE D.
SPRINGER, MICHAELB 9 ﬁi
Ex: LASTNAME, FIRSTNAME
PIR Please specify
#
Inspection Date 12/03/1999 Test Date 12/03/1999
Inspection Freq 3 years Test Freq 6 years
Expiration Date 12/03/2002
Safety Document Secondary Safety Document
MESN 99-020-0OA
Location Facility Room
LLNL 1328 QI 2723
AD PAD
Department Name not found
Division Name not found
GOVERNOR,
Assurance Manager THOMSON, STEPHEN B FPOC Alternate EDWARD J
Facility Contact MCANENEY, GERALD P FPOC Exception oo N!
Description (also appears on label) Comments

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get tst insp pgl.ptrs edit form pr 3/15/2010
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"Flange, 350 MOP, CF type head,
AAA98-104240-00 Stored in place
as per Bob Foerschler 8/12/03"

[ Save ][ Assign RD(s) ] [ Print Labels ] [ View Test Insp ] [ New Test Insp ] [ Copy ]

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get tst insp pgl.ptrs edit form pr 3/15/2010



Maintain PTRS Tests and Inspections:
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Maintain PTRS Tests and Inspections
Test Information (Dates should be in the format MM/DD/YYYY)

ME Test No 2285 Date 03/05/2010
Test Request No 1458 Test Fluid Helium
Test Pressure 225 PSIG Test Temp 70 F

Size Measurements (pressure vessel tests ONLY) Test Comments

Location Before Test A_fterTest Difference This system was tested to 225
(marked)j|(inches) (inches) (inches) | ps1c with helium to be used with
Top helium only at 130PSIG.

Center

Bottom

Inspection Information

Inspect the following and check the appropriate column, explaining as required. Status is OK or Not
Applicable

Question OK N/ARemarks
1. General appearance of system (or vessel) @® C
2. Relief devices are: @ 0 6262
a) properly set (have them checked - reset as required) -
b) properly seated ® C
c) pointed in safe direction or safely vented @ C
3. All fittings and vessel seals are leak tight @ C
4. Replaced or added fittings, gauges, valves (and ® C
piping*) are properly rated -
5. All system components are adequately secured @ C
6. Valve packing nuts are tight and locked (if locking -

@ N/A
type)
7. Oil is not apparent on or in* gas (especially oxygen) ® C
systems - =

8. The outside surface of the vessel shows no evidence ® O
of strain, damage or corrosion. -
9. The inside surface of the vessel shows no evidence of -,

strain, damage or corrosion. @ L
10. Lined vessel vent path is unobstructed: check with _
. (@ N/A
helium
11. Vessel or system seals are leak-tight. Have replaced ® O
as required -
12. The vessel or system is safe for continuing operation @

13. Vessel or system was pressure tested within the last

6 years, or as required by the safety note. If not, and ® O
certified for manned area operation, retest it and submita = -
Pressure Test Record.

* consider assurance by the responsible user as satisfactory verification
This data applies to a ( Test @ Inspection Only SWITZER, VERNON A 876136
LL3586 (Feb.2000); Send this completed form to the LLNL Pressure Inspector at L-383

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get sv pgl.ptrs edit form pr
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Save | [ GotoSys/Vess | [ PrintLabels | [ Copy Test/lnsp | | Cancel |
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Maintain Systems and Vessels ?
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )

ME Test No 2285 RD No 6262
Temp
MAWP 150 PSIG From 40 To 70 F
Status Oper Mode Config As of Date As per Person
IN USE Manned Vessel
Inspector - Insp - .
Cert SWITZER, VERNON A 876136 Trainee Please specify
System Fluid  Helium
Device Owner 002678 % Designer DOBIE D.
HEFFNER, MICHAEL D B ﬁ
Ex: LASTNAME, FIRSTNAME
;/R 9785 - ST-TRED-TECHNOLOGY RESOURCES ENGINEERING
Inspection Date 03/05/2010 Test Date 12/13/2006
Inspection Freq 3 years Test Freq 6 years
Expiration Date 03/05/2013
Safety Document Secondary Safety Document
MESN 01-091-0OA
Location Facility Room
LLNL 194A Q@ 1131
ST-ST PAD-
AD ST NG PAD SCIENCE,
TECHNOLOGY
Department Name not found
ST-TRED-
L TECHNOLOGY
Division RESOURCES
ENGINEERING
SPRINGER,
Assurance Manager THOMSON, STEPHEN B FPOC Alternate MICHAEL B
Facility Contact LIND, SUSAN G FPOC Exception ',;'gg:% Not
Description (also appears on label) Comments
https://biweb.1llnl.gov/pls/Ib/ptrs.ptrs find pgl.ptrs edit form pr?p ptrs rd room loc de... 3/15/2010
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Pressure vessel #2. Derated This system was tested on

vessels on 8/31/01 to 150psig. 12/13/2006 to 225PSIG with Heluim
Vessel feed thrus will not have for use with He only at 130PSIG
blast covers. Vessel will expire .RF Have tested an add on

on original experation date of cone and flang it was tested at
6/01/02. Stored in place as per 343 by RF on 3/5/07.

Bob Foerschler 8/12/03

[ Save ][ Assign RD(s) ] [ Print Labels ] [ View Test Insp ] [ New Test Insp ] [ Copy ]
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MESN99-020-0A
Page 3
Description

This safety note covers the design of time projection chambers (TPC) used in a full
volume imaging detector. The chambers are used in building 132N, room 2723. There are
three parts to the full volume imaging detector system. The first part is the gas
purification subsystem that is used to purify and deliver electronegative free
(99.9999999%) gas. This part of the system is being built commercially by Insync
Systems. The second part of the system, designed and built at LLNL, includes the time
projection chambers (TPC) where the experiments will be performed. Gas, from the
purification panel, feeds the TPC’s that will nominally operate at 300 psig but are being
designed for 350 psig maximum operating pressure (MOP). It will be necessary to work
around the TPC’s with radioactive sealed sources for testing and calibration; thus this is a
manned operation. The third part of the system uses cylinders to reclaim the purified gas.
These cylinders have been fabricated by ACME CRYOGENICS INC. and are rated by
them at 3000 psig MAWP. Gas will be transferred in the TPC system by thermal cycles,
using LN2 to create the temperature gradient inside the chamber via conduction through
the walls of the cryogenic thimble. A certain percentage of alcohol may be used in the
LN2 bath to move the temperature of the bath above 73K.

The TPC’s are the experimental chambers designed at LLNL. These chambers are used
for two purposes but were mechanically designed to be identical. The first chamber will
be used as an ionization chamber where electron drift will be used as a measure of gas
purity. The second chamber is the actual TPC itself, which is used for position sensitive
readout of electron clouds and hence gamma ray imaging. Figure 1 depicts a TPC with its
associated hardware. In the experimental setup, the chambers are connected together
with high pressure tubing. The chambers have been designed to allow a 400 keV gamma
ray to penetrate the chamber wall in well-defined places, specifically in the center of the
2 3/4 inch conflat flange and in a linear series of VCR blanks on the side of the chamber.
It will be necessary to use radioactive sources in conjunction with these windows to
probe the capabilities of the chamber. The 1 3/4 inch conflat flanges has been outfitted
with a high voltage (20 kV) ceramic feedthrough from Ceramaseal. Many of the
penetrations into the chamber and the internals of the chamber are attached to the conflat
gasketed chamber head to allow easy removal from the chamber body. The chambers
will be filled with a gas (Ar, Xe, along with at least one the following: CH4, CO2, and
P10) using the 135psi gas purification system and then condensed by cooling the
chamber using a cryogenic thimble. LN2 will envelope the outside of the thimble creating
non-uniform thermal stresses along with membrane stress throughout the vessel.

This ME Safety Note is required because the TPC of the system contains compressed gas
at pressures exceeding 150 psig or 100kJ of stored energy. This Safety Note covers the
vessel depicted in Figure 1 up to and including the output connections, If required, a
separate safety note will cover the remaining parts of full volume imaging detector
system less the TCP’s.




MESN99-020-0A
Page 4

2 3/4" conflat flange
gamma entrance port

10 1/2" Conflat
gasketed flange
" custom”

4 2/4" conflat
flange

20 KV Ceramansal Fandchroughe
walkded i mini-Conflat

i1N2 Thimhbl e, peol ad externally

T RA

304L SST Head and
Flange hub

[F
[
N=
[F

1/2° YCR ports

Sch. B0 916L 35T Snamlare pips gamma windows
| T VCR port

Daraciar port rupture disk Elipsoidal hasd
sat at 402 psig

Figure 1 — Diagram of the Time Projection Chambers (TPC)
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Operational Hazards

Associated hazards are those typical of any high pressure gas system. Failure of a vessel
or component could result in either shrapnel or a blast overpressure to the body. Since
the gases involved are not air, there is also the potential concern of asphyxiation. Other
hazards include physical exposure to the radioactive sealed source and cold temperatures.
The hazards other than those associated with the pressure vessel will be addressed by the
FSP (if applicable) or separate OSP for this experiment.

Procedures

Design safety factors are robust for all intended pressures. The system is adequately
protected by a pressure relief device at a VCR port so that components cannot be over-
pressurized. This document also specifies shielding requirements for personnel protection
from shrapnel in the event of an accident. However, an OSP for this experiment will
address associated interlocks and operational steps required during pressurization.

Calculations
The following will certify the TPC for this system:

[1] Hardware and Fabrication
The vessel is fabricated using commercially purchased metals. Fabrication and
joining techniques are also standard technology. Welding was performed by
LLNL ASME certified welders experienced in pressure systems.

{2]  Engineered Design
The system design has relief devices at strategic locations (a VCR fitting) to

insure that the MAWZP’s are never exceeded.

An evaluation of high risk pressure components indicated that a Ceramaseal feed-
through may fail if improperly handled. Specifically, the weld joint at the Conflat
is susceptible to bending and fracture. To minimize this risk, a fragment
deflector/stop fixture was designed and will be mounted in front of the head
where the Ceramaseal is mounted. A Kevlar drape will also be employed if this
device fails to capture all fragments. This stop and Kevlar drape will be
interlocked during pressure vessel operation.

[3]  Testing
Detailed proof testing procedures at 1.5 times MAWP and at the working
temperature, induced by LN2 cooling, have been developed and are enclosed as
Appendix A. Successful completion of these procedures by a LLNL pressure
inspector will complete the certification of the TPC’s. Proof testing is the crux of
pressure vessel qualification for fracture critical components and is best stated
from literature® as follows:
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“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
smaller than the critical flaw size at the proof test conditions. Therefore, in the
absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration™ (also see fracture
analysis below).

The vessel has been designed to meet ASME Boiler and Pressure Vessel Code
design guidelines. Stresses are low enough to eliminate the need for impact
testing of the material in the heat effected zones created by the butt welds, UHA-
51 (g} (see misc.nb calculations in Appendix C). The ASME Code also exempt
austenitic, chromium-nickel stainless steels from impact testing, UHA-
51(d)(1)(a). Thus, the base materials 304L and 316L are exempt.

Calculations

Most calculations were done using ASME Pressure Vessel Code, Section VIII,
Division 1 guidelines. The TPC has a MAWP of 978 psig when using the C-Ring
type head (no openings) and 402 psig for the Conflat type head(s) (with and
without openings). A future addendum to this safety note will cover a head (with
openings) to be used at 978 psig MAWP, The allowable stresses used in all
calculations are based on values found in the ASME Pressure Vessel Code,
Section II. For both 316L and 304L the allowable stress is 16,700 psi which
provides a nominal Safety Factor of ~5 in all Pressure Vessel Code calculations
(i.e., head thickness, maximum vessel pressure, minimum wall thickness, etc). The
following tables are summaries of the detailed calculations found in Appendix A.

Vessel

The energy in each pressure vessel was calculated to be 55, 852 ft-Ib. or 16.4 g
TNT at the MAWP of 978 psig. The following table summarizes the analytical
results for the main 8 inch schedule 80 pressure vessel, the detector pipe, the VCR
“Cajon” fittings/ pipes, and the LN pipe connected to the main vessel. All tubing
is 316L. Calculations were made at a MAWP of 978 psig. The last column refers
to the ratio of yield stress (37ksi) to Von Mises stress at the test pressure of 1.5 x
MAWP. Values must be greater than 1.0 for a safe proof test.

Von
Mises

(psi)

S1 (psi) | S2 (psi) Actual
wall

thickness
(in)

S3 (psi) Required

wall
thickness

(in)

If=1.0
stress less
than yield
for
1.5xMA
WP

Main 8”
vessel

3499 7976 -978 7755 0.336 0.500 32

Detector pipe
2.87 0D

1839 4657 -978 4880 0.102 0.275 5.1
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VCR pipe
0.57 0D

1739 4455 -978 4705 0.012 0.050 5.2

N2 pipe
1.9” OD

1618 4214 -978 4496 0.066 0.200 5.5

Analytical results for welds, area reinforcement, and their related loads that attach
the detector pipe, LN, pipe, and VCR pipe to the main vessel shell are detailed in
the table below at a MAWP of 978 psig. Generally, if the nozzle and fillet weld
load paths are greater than the total weld load, then the strengths are sufficient.
The total weld load (W~(Area required — Area available)* Allowable stress)) for
the VCR pipe is less than 0 because the vessel wall is 0.160” thicker than required
creating much more area available than required. Thus, the area available is
greater than the area removed and a negative number results.

Area of
mat’l.
required
(in"2)

Area of
mat’l. avail.
(in"2)

Total weld
load (1b)

Fillet weld
load path (1b)

Nozzle wall
load path (Ib)

Detector pipe

0.780 0.800 8172 13172 12749

LN, pipe

0.504 0.508 5396 6243 6106

VCR pipe

0.134 0.194 <0 413 402

The butt welds connecting the hub to the main vessel and the ellipsiodal head to
the main vessel, the ellipsiodal head on liquid nitrogen pipe, and the hub to the
detector pipe, reduced the allowable working pressure in the vessel they are
connected to by ‘E’ (butt weld efficiency). An ‘E’ of 0.7 was used for these welds
which reduced their associated allowable working pressures to 1421 psig, 6979
psig, and 6139 psig for the of the main vessel, LN pipe, and detector pipe
respectively. Again, all of these calculated pressures use an allowable stress of
16,700 psi which has a nominal SF = 5.0 so an additional SF of 1.5 (1421 /978) is
obtained. Using a butt weld efficiency of 0.7 allows no radiography to be
performed on the welds according to the ASME Boiler and Pressure Codes.

The VCR, LN3, and detector port openings in the vessel shell are mounted 90° to
each other. The radial distance between hole centers is approximately 6.0 inches.
ASME Boiler Code requires that all openings be less than the sum of their

respective diameters. The maximum sum of the diameters is 3.37 inches between
LN; and the detector port.

Holes that do not penetrate the vessel shell may be required to horizontally mount
the vessel. The depth of tapped 1/4-20 holes and 3/8-16 holes shall be < 0.25
inches. Holes can not be placed near other openings or reinforcements.

Head / Flange Calculations

The following table summarizes the analytical results for the integral flange butt
welded to the main access port and the small flange butt welded on the side of the
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vessel (detector port). Again, the allowable stress in 16,700 psi for the base

material. Also, the ASME allowable hub stress is 1.5 time the allowable stress.

Flange MOP Longitudi | Radial Tangential
nal hub flange flange
stress stress (psi) | stress (psi)
(psi)

Main 850 16973 6327 4173

10.5” OD

Main 350 6388 2381 1571

10.5” OD

Detector 850 13998 2794 7367

4.625” OD

The head for operating at 850 psig, uses a C-Ring type metal seal and is made
from 304L stainless steel. The (24) required bolts for this flange are Unbrako KS
1216 1/27-13 SHCS with a tensile strength of 160,000 psi (or 304 Stainless Steel
with a 81 ksi tensile strength). The main flange for operating at 350 psig is a
Conflat (CF) type (304L), sealed with a soft copper flat gasket to a knife edge.
The (24) required bolts for this flange are Unbrako KS 1216 1/27-13 SHCS with a
tensile strength of 160,000 psi (or 304 Stainless Steel with a 81 ksi tensile
strength). All other CF flanges (1 1/3 and 2 3/4 inch) shall be bolted to the 350
MOP head using Unbrako KS 1216 psi (or 304 Stainless Steel with a 81 ksi
tensile strength), 8-32 or 1/4-28 SHCS as required.

The smaller 4 5/8” CF type flange for the detector port requires 10 bolts, Unbrako
KS 1216 5/16”-24 SHCS with a tensile strength of 160,000 psi (or 304 Stainless
Steel with a 81 ksi tensile strength) and is made from 304L stainless steel. The
following table summarizes the fastener calculations.

Flange MOP | No. |Bolt Torqu | Flange design | Flange Max.
of e (in- | bolt load, design bolt | allowable
bolts 1b) operating. load, gasket | bolt load (SF
(Ib) seal. (lb) 4 applied)
Main, C-ring | 850 |24 1/2-13 | 1140 | 58850 96913 134976
10.5” OD ’
Main, CF 350 |24 1/2-13 | 1140 | 24677 79827 134976
10.57 OD
Detector 850 10 5/16- | 347 10144 15452 20760
4.625” OD 24
11/3”CF 350 |6 #8-32 |51 231 230 2936
2 3/4” CF 350 {6 1/4-28 | 152 1015 527 7937

Analytical results for the commercially purchased SA316 ellipsiodal head on
main vessel, nominal wall thickness 0.5 inches and the SA316 ellipsiodal head on
liquid nitrogen pipe, nominal wall thickness 0.2 inches follows. The head
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thickness calculations were done at the MAWP of 978 psig and allow for strength
reduction due to the butt weld connecting them to the vessel.

MOP

Max, Required | Actual If>1.0
pressure head head stress less
(psig) thickness | thickness than yield
(in) (in) for 1.5x
MAWP
Main 850 1513 0.320 0.500 1.03
vessel
LN; pipe | 850 3036 0.063 0.200 2.07

Results of the unstayed flat heads are presented in the table below. Two head
types are planned for the main vessel, one CF type for low pressures at 350 MOP
that has instrumentation ports, and one C-Ring type for high pressure (850 MOP)
for vessel pressure testing and to be modified for a future head design (and
subsequently proof tested along with a Safety Note Addendum). Stress
concentration factors for the circular holes in a plate with internal pressure were
used from empirical data in Wiley”. Although not a perfectly matching model to
Wiley, the concentration factors used are conservative. The stress concentration
factor (2.278) reduced the allowable stress to 7,331 psi from 16,700 psi. Hole
reinforcement requirements were also calculated using the ASME Codes. These
results confirmed the thickness requirements using Wiley stress concentration
factors.

Results of two types of Conflat feedthrough heads mounted to the 10.5 inch CF
flange are also presented below. All head thickness calculations use the ASME
head equation involving bending with the exception of the 2 3/4 inch CF where
both bending and no bending cases were used. This flange was bored out to leave
a head depth of 0.125” by 1.5” in diameter. The flange thickness around its
mounting holes and under its knife edge remains at the nominal flange thickness
of 0.5 inches. Thus, calculations were made for both and summarized below. A
minimum thickness for the 1/2 inch VCR plug is calculated. The pressure side of
a VCR plug is bored out 1/4 inch in diameter to this minimum thickness to be
used as a gamma port.

Flange type MOP | Required Actual head | Required hub | Actual hub
head thickness (in) | thickness (in) | thickness
thickness (in) (in)

Conflat flange, Cu seal | 350 1.261 1 1.5 0.624 1.250

AAA99-104240

C-Ring type metal seal. | 850 1.247 1.980 0.661 1.250

AAA99-104243

Conflat flange, 4 5/8” | 850 0.613 0.750 0.423 0.810

@, x 0.750” thick.

Commercial product
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11/3” CF 350 0.100 0.300 N/A N/A
2 3/4” CF 350 0.178/0.092 10.5/0.,125 N/A N/A
VCR plug 850 0.052 0.052 N/A N/A

Blind holes in the unstayed flat head were analyzed on the basis of area
replacement. If the actual cross-sectional area available was greater than the
cross-sectional area required, reinforcement was not required. The following table
summarizes the results for the 350 MOP flat head. These calculations can also
apply to blind mounting holes of the same dimension for mounting and handling
the head with the caveat that hole can not be placed near other openings or

reinforcements.
Hole type: Area available | Area required
(in"2) (in"2)
8-32 mini conflat holes 0.195 0.051
8-32 mounting bracket holes | 0.205 0.041
(internal)
1/4-28 medium conflat holes | 0.250 0.125

Contflat (CF) flanges are used as connecting members and instrumentation
feedthroughs in this pressure vessel design. Five 1 1/3 inch on a 5.5 inch bolt
circle pattern and one 2 3/4 inch centrally located CF flanges are used on the 350
MOP head. A 4 5/8 inch CF flange is used on the detector port (850 MOP).

CF flanges were pressure tested in 1992 under the safety note END 92-072. The 1
1/3 inch nominally sized CF flanges with stainless steel bolts started leaking at
~15,000 psi. The 4 5/8 inch CF ﬂange had no leakage with water as the pressure
medium up to 1200 psi and minor (10 Torr-L/s) leaking with helium from 500
psi to 930 psi. All tests were done without catastrophic failure. Leakage occurred
around the copper seal. A blank 2 3/4 inch was not proof tested.

For operation, the mating I 1/3 inch CF flange to the CF port on the 350 MOP
head has a high voltage feedthrough that is not rated by the manufacturer
(Ceramaseal) because it is a special order. The manufacturer welded the high
voltage feedthrough to an opening in the flange. LLNL has proof tested this
component to burst (5850 psi). There is a concern for brittle fracture or weld
failure due to cracking by mishandling that is addressed in the Fragment Hazard
Mitigation paragraph below. The mating 2 3/4 inch CF flange will be proof tested
at 604 psig along with the rest of the head. The mating 4 5/8 inch CF flange will
be blanked off for pressure testing and initial operational tests. An addendum to
this note will follow at a later date to address the attachment method of the
detector to the mating flange. It will then be proof tested at 1467 psig.
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This vessel is considered a Category 1V risk according to MEDSS. Its failure has

the potential for moderate injury and material testing is recommended.

The material used in this vessel is standard ASTM 304L and 316L stainless steel.

Material testing was not done for the following reasons:

(1) SA316L and SA304L are standard materials with strict manufacturing

requirements.

(2) ASME Boiler and Pressure Vessel Code does not require testing for austenitic

stainless steels.

(3) the large critical crack depths (a;) and lengths calculated using conservative
stress intensity factors (Kjc) from literature.
(4) the number of cycles to failure were > 10°; far larger than the < 10% cycles

expected using crack growth rates’ from literature.
(5) The leak-before-break criterion is satisfied by a factor of ~10 or greater

(136740 / 13824). Also, the CF type flanges used in the TPC design

practically guarantee a leak before failure as demonstrated by earlier proof
testing.
{6) 316 and 304 stainless steel both have excellent toughness properties at
cryogenic temperatures. Sharpy V-notch impact test data® on 304 stainless
steel indicates a slightly lowered toughness from room temperature to —~196°C
(150 to 124 ft-1b). For 316, the toughness lowered 13% from 141 to 122 ft-1b.

The table below summarizes the fracture toughness calculations in Appendix C.

K (pst K, (psi A g 2¢c length of | 2c length of
in"1/2) in"1/2) surface flaw | sub-surface | surface flaw | sub-surface
(in) flaw (in}) (in) flaw (in)
Main vessel | 136740 10115 77.3 93.6 309.3 374.2
Ellipsoidal | 136740 13824 42.2 51.1 168.9 2044
head
Flat head 136740 6528 183.1 221.6 732.5 886.3

The Unbrako bolts recommended above in the Head / Flange Calculations section
are rated at their maximum tensile strength at ~400°F. The alternative, 304
stainless steel fasteners have the same safe fracture critical properties as the
vessel. No fracture critical calculations were performed for fasteners.

A proof test at 1.5xMAWP and at the working cryogenic temperature is planned

for this vessel. Proof testing is the crux of pressure vessel qualification and is best
stated from literature® as follows:

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
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Description

This safety note covers the design of time projection chambers (TPC) used in a full
volume imaging detector. The chambers are used in building 132N, room 2723. There are
three parts to the full volume imaging detector system. The first part is the gas
purification subsystem that is used to purify and deliver electronegative free
(99.9999999%) gas. This part of the system is being built commercially by Insync
Systems. The second part of the system, designed and built at LLNL, includes the time
projection chambers (TPC) where the experiments will be performed. Gas, from the
purification panel, feeds the TPC’s that will nominally operate at 300 psig but are being
designed for 350 psig maximum operating pressure (MOP). 1t will be necessary to work
around the TPC’s with radioactive sealed sources for testing and calibration; thus this is a
manned operation. The third part of the system uses cylinders to reclaim the purified gas.
These cylinders have been fabricated by ACME CRYOGENICS INC. and are rated by
them at 3000 psig MAWP. Gas will be transferred in the TPC system by thermal cycles,
using LN2 to create the temperature gradient inside the chamber via conduction through
the walls of the cryogenic thimble. A certain percentage of alcohol may be used in the
LLN2 bath to move the temperature of the bath above 73K.

The TPC’s are the experimental chambers designed at LLNL. These chambers are used
for two purposes but were mechanically designed to be identical. The first chamber will
be used as an ionization chamber where electron drift will be used as a measure of gas
purity. The second chamber is the actual TPC itself, which is used for position sensitive
readout of electron clouds and hence gamma ray imaging. Figure 1 depicts a TPC with its
associated hardware. In the experimental setup, the chambers are connected together
with high pressure tubing. The chambers have been designed to allow a 400 keV gamma
ray to penetrate the chamber wall in well-defined places, specifically in the center of the
2 3/4 inch conflat flange and in a linear series of VCR blanks on the side of the chamber.
It will be necessary to use radioactive sources in conjunction with these windows to
probe the capabilities of the chamber. The 1 3/4 inch conflat flanges has been outfitted
with a high voltage (20 kV) ceramic feedthrough from Ceramaseal. Many of the
penetrations into the chamber and the internals of the chamber are attached to the conflat
gasketed chamber head to allow easy removal from the chamber body. The chambers
will be filled with a gas (Ar, Xe, along with at least one the following: CH4, CO2, and
P10) using the 135psi gas purification system and then condensed by cooling the
chamber using a cryogenic thimble. LN2 will énvelope the outside of the thimble creating
non-uniform thermal stresses along with membrane stress throughout the vessel.

This ME Safety Note is required because the TPC of the system contains compressed gas
at pressures exceeding 150 psig or 100kJ of stored energy. This Safety Note covers the
vessel depicted in Figure 1 up to and including the output connections. If required, a
separate safety note will cover the remaining parts of full volume imaging detector
system less the TCP’s.
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Figure 1 — Diagram of the Time Projection Chambers (TPC)
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Operational Hazards

Associated hazards are those typical of any high pressure gas system. Failure of a vessel
or component could result in either shrapnel or a blast overpressure to the body. Since
the gases involved are not air, there is also the potential concern of asphyxiation, Other
hazards include physical exposure to the radioactive sealed source and cold temperatures.
The hazards other than those associated with the pressure vessel will be addressed by the
FSP (if applicable) or separate OSP for this experiment.

Procedures

Design safety factors are robust for all intended pressures. The system is adequately
protected by a pressure relief device at a VCR port so that components cannot be over-
pressurized. This document also specifies shielding requirements for personnel protection
from shrapnel in the event of an accident. However, an OSP for this experiment will
address associated interlocks and operational steps required during pressurization.

Calculations
The following will certify the TPC for this system:

[1] Hardware and Fabrication
The vessel is fabricated using commercially purchased metals. Fabrication and
joining techniques are also standard technology. Welding was performed by
LLNL ASME certified welders experienced in pressure systems.

[2]  Engineered Design
The system design has relief devices at strategic locations (a VCR fitting) to
insure that the MAWP’s are never exceeded.

An evaluation of high risk pressure components indicated that a Ceramaseal feed-
through may fail if improperly handled. Specifically, the weld joint at the Conflat
is susceptible to bending and fracture. To minimize this risk, a fragment
deflector/stop fixture was designed and will be mounted in front of the head
where the Ceramaseal is mounted. A Kevlar drape will also be employed if this
device fails to capture all fragments. This stop and Kevlar drape will be
interlocked during pressure vessel operation.

[3] Testing
Detailed proof testing procedures at 1.5 times MAWP and at the working
temperature, induced by LN2 cooling, have been developed and are enclosed as
Appendix A. Successful completion of these procedures by a LLNL pressure
inspector will complete the certification of the TPC’s. Proof testing is the crux of
pressure vessel qualification for fracture critical components and is best stated
from literature® as follows:
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“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
smaller than the critical flaw size at the proof test conditions. Therefore, in the
absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration™ (also see fracture
analysis below).

The vessel has been designed to meet ASME Boiler and Pressure Vessel Code
design guidelines. Stresses are low enough to eliminate the need for impact
testing of the material in the heat effected zones created by the buit welds, UHA-
51 (g) (see misc.nb calculations in Appendix C). The ASME Code also exempt
austenitic, chromium-nickel stainless steels from impact testing, UHA-
51(d)(1)(a). Thus, the base materials 304L and 316L are exempt.

Calculations

Most calculations were done using ASME Pressure Vessel Code, Section VIII,
Division 1 guidelines. The TPC has a MAWP of 978 psig when using the C-Ring
type head (no openings) and 402 psig for the Conflat type head(s) (with and
without openings). A future addendum to this safety note will cover a head (with
openings) to be used at 978 psig MAWP. The allowable stresses used in all
calculations are based on values found in the ASME Pressure Vessel Code,
Section II. For both 316L and 304L the allowable stress is 16,700 psi which
provides a nominal Safety Factor of ~5 in all Pressure Vessel Code calculations
(i.e., head thickness, maximum vessel pressure, minimum wall thickness, etc). The
following tables are summaries of the detailed calculations found in Appendix A.

Vessel

The energy in each pressure vessel was calculated to be 55, 852 fi-Ib. or 16.4 g
TNT at the MAWP of 978 psig. The following table summarizes the analytical
results for the main 8 inch schedule 80 pressure vessel, the detector pipe, the VCR
“Cajon” fittings/ pipes, and the LN pipe connected to the main vessel. All tubing
is 316L. Calculations were made at a MAWP of 978 psig. The last column refers
to the ratio of yield stress (37ksi) to Von Mises stress at the test pressure of 1.5 x
MAWP. Values must be greater than 1.0 for a safe proof test.

Von
Mises

(psi)

Actual
wall
thickness

(in)

S1 (psi) | S2 (psi) | S3 (psi) Required
wall

thickness
(inm)

If21.0

stress less
than yield
for
1.5xMA
WP

Main 8”
vessel

3499 7976 -978 7755 0.336 0.500 32

Detector pipe
2.87 0D

1839 4657 -978 4880 0.102 0.275 5.1
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VCR pipe
0.5” 0D

1739 4455 -978 4705 0.012 0.050 5.2

LNZ pipe
1.9” 0D

1618 4214 -978 4496 0.066 0.200 5.5

Analytical results for welds, area reinforcement, and their related loads that attach
the detector pipe, LN pipe, and VCR pipe to the main vessel shell are detailed in
the table below at a MAWP of 978 psig. Generally, if the nozzle and fillet weld
load paths are greater than the total weld load, then the strengths are sufficient.
The total weld load (W~(Area required — Area available)* Allowable stress)) for
the VCR pipe is less than 0 because the vessel wall is 0.160 thicker than required
creating much more area available than required. Thus, the area available is
greater than the area removed and a negative number results.

Area of
mat’l.
required
(in"2)

Area of
mat’]. avail.
(in"2)

Total weld
load (Ib)

Fillet weld
load path (Ib)

Nozzle wall
load path (1b)

Detector pipe

0.780 0.800 8172 13172 12749

LN pipe

0.504 0.508 5396 6243 6106

VCR pipe

0.134 0.194 <0 413 402

The butt welds connecting the hub to the main vessel and the ellipsiodal head to
the main vessel, the ellipsiodal head on liquid nitrogen pipe, and the hub to the
detector pipe, reduced the allowable working pressure in the vessel they are
connected to by ‘E’ (butt weld efficiency). An ‘B’ of 0.7 was used for these welds
which reduced their associated allowable working pressures to 1421 psig, 6979
psig, and 6139 psig for the of the main vessel, LN pipe, and detector pipe
respectively. Again, all of these calculated pressures use an allowable stress of
16,700 psi which has a nominal SF = 5.0 so an additional SF of 1.5 (1421 / 978) is
obtained. Using a butt weld efficiency of 0.7 allows no radiography to be
performed on the welds according to the ASME Boiler and Pressure Codes.

The VCR, LN,, and detector port openings in the vessel shell are mounted 90° to
each other. The radial distance between hole centers is approximately 6.0 inches.
ASME Boiler Code requires that all openings be less than the sum of their
respective diameters. The maximum sum of the diameters is 3.37 inches between
L.N2 and the detector port.

Holes that do not penetrate the vessel shell may be required to horizontally mount
the vessel. The depth of tapped 1/4-20 holes and 3/8-16 holes shall be < 0.25
inches. Holes can not be placed near other openings or reinforcements.

Head / Flange Calculations

The following table summarizes the analytical results for the integral flange butt
welded to the main access port and the small flange butt welded on the side of the
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vessel (detector port). Again, the allowable stress in 16,700 psi for the base

material. Also, the ASME allowable hub stress is 1.5 time the allowable stress.

Flange MOP Longitudi | Radial Tangential
nalhub | flange flange
stress stress (psi) | stress (psi)
{psi)

Main 850 16973 6327 4173

10.5” OD

Main 350 6388 2381 1571

10.5” OD

Detector 850 13998 2794 7367

4.625” OD

The head for operating at 850 psig, uses a C-Ring type metal seal and is made
from 304L stainless steel. The (24) required bolts for this flange are Unbrako KS
1216 1/27-13 SHCS with a tensile strength of 160,000 psi (or 304 Stainless Steel
with a 81 ksi tensile strength). The main flange for operating at 350 psig is a
Conflat (CF) type (304L), sealed with a soft copper flat gasket to a knife edge.
‘The (24) required bolts for this flange are Unbrako KS 1216 1/27-13 SHCS with a
tensile strength of 160,000 psi (or 304 Stainless Steel with a 81 ksi tensile
strength). All other CF flanges (1 1/3 and 2 3/4 inch) shall be bolted to the 350
MOP head using Unbrako KS 1216 psi (or 304 Stainless Steel with a 81 ksi
tensile strength), 8-32 or 1/4-28 SHCS as required.

The smaller 4 5/8” CF type flange for the detector port requires 10 bolts, Unbrako
KS 1216 5/16”-24 SHCS with a tensile strength of 160,000 psi (or 304 Stainless
Steel with a 81 ksi tensile strength) and is made from 304L stainless steel. The
following table summarizes the fastener calculations.

Flange MOP | No. | Bolt Torqu | Flange design | Flange Max.
of e (in- | bolt load, design bolt | allowable
bolts 1b) operating. load, gasket | bolt load (SF
(Ib) seal. (Ib) 4 applied)
Main, C-ring | 850 |24 172-13 | 1140 | 58850 96913 134976
10.5” OD
Main, CF 350 |24 1/2-13 | 1140 | 24677 79827 134976
10.5” OD
Detector 850 10 5/16- | 347 10144 15452 20760
4.625” OD 24
11/3”CF 350 6 #8-32 |51 231 230 2936
23/4”CF 350 6 1/4-28 | 152 1015 527 7937

Analytical results for the commercially purchased SA316 ellipsiodal head on
main vessel, nominal wall thickness 0.5 inches and the SA316 ellipsiodal head on
liquid nitrogen pipe, nominal wall thickness 0.2 inches follows. The head
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thickness calculations were done at the MAWP of 978 psig and allow for strength
reduction due to the butt weld connecting them to the vessel.

MOP

Max. Required | Actual £>1.0
pressure head head stress less
(psig) thickness tlllickness than yield
(in) (in) for 1.5x
MAWP
Main 850 1513 0.320 0.500 1.03
vessel
LN, pipe | 850 3036 0.063 0.200 2.07

Results of the unstayed flat heads are presented in the table below. Two head
types are planned for the main vessel, one CF type for low pressures at 350 MOP
that has instrumentation ports, and one C-Ring type for high pressure (850 MOP)
for vessel pressure testing and to be modified for a future head design (and
subsequently proof tested along with a Safety Note Addendum). Stress
concentration factors for the circular holes in a plate with internal pressure were
used from empirical data in Wiley*. Although not a perfectly matching model to
Wiley, the concentration factors used are conservative. The stress concentration
factor (2.278) reduced the allowable stress to 7,331 psi from 16,700 psi. Hole
reinforcement requirements were also calculated using the ASME Codes. These
results confirmed the thickness requirements using Wiley stress concentration
factors.

Results of two types of Conflat feedthrough heads mounted to the 10.5 inch CF
flange are also presented below. All head thickness calculations use the ASME
head equation involving bending with the exception of the 2 3/4 inch CF where
both bending and no bending cases were used. This flange was bored out to leave
a head depth of 0.125” by 1.5” in diameter. The flange thickness around its
mounting holes and under its knife edge remains at the nominal flange thickness
of 0.5 inches. Thus, calculations were made for both and summarized below. A
minimum thickness for the 1/2 inch VCR plug is calculated. The pressure side of
a VCR plug is bored out 1/4 inch in diameter to this minimum thickness to be
used as a gamma port.

Flange type MOP | Required Actual head | Required hub | Actual hub
head thickness (in) | thickness (in) | thickness
thickness (in) (in)

Conflat flange, Cu seal | 350 1.261 1.5 0.624 1.250

AAA99-104240

C-Ring type metal seal. | 850 1.247 1.980 0.661 1.250

AAA99-104243

Conflat flange, 4 5/8” | 850 0.613 0.750 0.423 0.810

9, x 0.750” thick.

Commercial product
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11/3” CF 350 0.100 0.300 N/A N/A
23/4” CF 350 0.178/0.092 | 0.5/0.125 N/A N/A
VCR plug 850 0.052 0.052 N/A N/A

Blind holes in the unstayed flat head were analyzed on the basis of area
replacement. If the actual cross-sectional area available was greater than the
cross-sectional area required, reinforcement was not required. The following table
summarizes the results for the 350 MOP flat head. These calculations can also
apply to blind mounting holes of the same dimension for mounting and handling
the head with the caveat that hole can not be placed near other openings or

reinforcements.
Hole type: Area available | Area required
(in"2) (in"2)
8-32 mini conflat holes 0.195 0.051
8-32 mounting bracket holes | 0.205 0.041
(internal)
1/4-28 medium conflat holes | 0.250 0.125

Conflat (CF) flanges are used as connecting members and instrumentation
feedthroughs in this pressure vessel design. Five 1 1/3 inch on a 5.5 inch bolt
circle pattern and one 2 3/4 inch centrally located CF flanges are used on the 350
MOP head. A 4 5/8 inch CF flange is used on the detector port (850 MOP).

CF flanges were pressure tested in 1992 under the safety note END 92-072. The 1
1/3 inch nominally sized CF flanges with stainless steel bolts started leaking at
~15,000 psi. The 4 5/8 inch CF flange had no leakage with water as the pressure
medium up to 1200 psi and minor (10" Torr-L/s) leaking with helium from 500
psi to 930 psi. All tests were done without catastrophic failure. Leakage occurred
around the copper seal. A blank 2 3/4 inch was not proof tested.

For operation, the mating 1 1/3 inch CF flange to the CF port on the 350 MOP
head has a high voltage feedthrough that is not rated by the manufacturer
(Ceramaseal) because it is a special order. The manufacturer welded the high
voltage feedthrough to an opening in the flange. LLNL has proof tested this
component to burst (5850 psi). There is a concern for brittle fracture or weld
failure due to cracking by mishandling that is addressed in the Fragment Hazard
Mitigation paragraph below. The mating 2 3/4 inch CF flange will be proof tested
at 604 psig along with the rest of the head. The mating 4 5/8 inch CF flange will
be blanked off for pressure testing and initial operational tests. An addendum to
this note will follow at a later date to address the attachment method of the
detector to the mating flange. It will then be proof tested at 1467 psig.




Fracture Critical Components

MESN99-020-CA

Page 11

This vessel is considered a Category IV risk according to MEDSS. Its failure has

the potential for moderate injury and material testing is recommended.

The material used in this vessel is standard ASTM 304L and 316L stainless steel.

Material testing was not done for the following reasons:

(1) SA316L and SA304L are standard materials with strict manufacturing
requirements.
(2) ASME Boiler and Pressure Vessel Code does not require testing for austenitic
stainless steels,
(3) the large critical crack depths (ac) and lengths calculated using conservative
stress intensity factors (Kj) from literature,
(4) the number of cycles to failure were > 10°; far larger than the < 107 cycles
expected using crack growth rates’ from literature.
(5) The leak-before-break criterion is satisfied by a factor of ~10 or greater

(136740 / 13824). Also, the CF type flanges used in the TPC design

practically guarantee a leak before failure as demonstrated by earlier proof

testing.

(6) 316 and 304 stainless steel both have excellent toughness properties at
cryogenic temperatures. Sharpy V-notch impact test data®® on 304 stainless
steel indicates a slightly lowered toughness from room temperature to ~196°C
(150 to 124 ft-1b). For 316, the toughness lowered 13% from 141 to 122 fi-Ib.

The table below summarizes the fracture toughness calculations in Appendix C.

Kie (pst K, (psi 8 Aer 2c length of | 2c length of
n"1/2) in"1/2) surface flaw | sub-surface | surface flaw | sub-surface
{in} flaw (in) {in) flaw (in)
Main vessel | 136740 10115 77.3 93.6 309.3 374.2
Ellipsoidal | 136740 13824 422 51.1 168.9 204.4
head
Flat head 136740 6528 183.1 221.6 732.5 886.3

The Unbrako bolts recommended abové in the Head / Flange Calculations section
are rated at their maximum tensile strength at —400°F. The alternative, 304
stainless steel fasteners have the same safe fracture critical properties as the
vessel. No fracture critical calculations were performed for fasteners.

A proof test at 1.5xMAWP and at the working cryogenic temperature is planned
for this vessel. Proof testing is the crux of pressure vessel qualification and is best
stated from literature® as follows:

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
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smaller than the critical flaw size at the proof test conditions. Therefore, in the
‘absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration”.

A physical inspection of the TPC for cracks is required between every experiment
or experimental cycle. Careful handling of the head, vessel and its related
hardware is important so that the welds attaching the various components (high
voltage feedthroughs, VCR stubs) are not damaged. If any of these components
are bent by mishandling, the suspect welds must be radiographicly inspected and
re-proof tested.

Fragment Hazard Mitigation
A fragment deflector/stop was designed to deflect and capture a potential
Ceramaseal feedthrough mishap if it were propelled from head of the vessel. It
will be placed as close as practical to the TPC head and still allow operation of the
vessel. The basic design is based on ballistic gun range technology where the
fragment is deflected from a 45° wall into a sand trap (red arrow shows path in
Figure below). All walls are made from 2.5” thick lexan that can stop the
projectile if it were propelled normal into it. The opening in the stop (117 x 14”)
is sufficiently oversized to the Ceramaseal bolt circle diameter (5.5”) and the sand
trap baffle is made from 1/4” lexan to allow fragment passage. This stop will be
interlocked during vessel operation. Calculation filename “fragmant.nb” in
Appendix C details the shielding calculations obtained from MEDSS.
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A Kevlar drape will also be employed to shield the operator from a potential stray
fragment reflected back out of the catch.

The system pressure requirements are summarized as follows:

Maximum
Allowable

Maximum | Working | Pressure | Proof

Operating | Pressure | Relief Test

Pressure (MAWP) | Setting Pressure
Component (psig) (psig) (psig) (psig)
Main Pressure Vessel 850 978 978 1467
(sketch )
AAA99-104242 (weld
flange)
Flat Head, Metal C-Ring: 850 978 978 1467
AAA99-104243
Conlfat flange, 4 5/8” @, x | 850 978 978 1467
0.750” thick. commercial
CF flange (blank)
VCR Plug, 1/2” @, 850 978 978 1467
modified commercial
Flat Head Conflat Type: 350 402 402 604
AAA99-104240
Conlfat flange, 2 3/4” @, x | 350 402 402 604
0.500” thick. modified
commercial CF flange
Ceramaseal: 19543-04-CF; | 350 402 402 604
11/3” @, x 0.300” thick.
modified commercial CF
flange

E. Testing Requirements

Detailed testing procedures have been deveiopéd and are enclosed as Appendices B. The
proof test criterion for each system is 150% of MAWP.

F. Labeling Requirements

Upon completion of the testing procedures, the LLNL pressure inspector will certify the
inspection of this system by completion of an LLNL Pressure Test/Inspection Record,
Form LL3586, and by attaching an LLNL Pressure Tested Label, properly filled out to
the individual components identified below. Appropriate additional information will be
inserted as required.
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G. Associated Procedures

The concerns are asphyxiation, cold temperature and radiation exposure of personnel.
Responsibility for an OSP resides with the user.

H. References and Notes

1. The defining drawings are as follows:

Drawing Title LLNL

Pressure Chamber Lid Blank AAA98-1104241
Pressure Chamber Lid AAA98-1104240
Pressure Chamber Lid Blank C Ring 850 MOP AAA98-1104243
Pressure Chamber Weld Flange 850 MOP AAA98-1104242
Xenon Chamber Model 8” (sketch) N/A

Xenon Chamber Model 8” associated sketches N/A

2. 1995 ASME Boiler and Pressure Vessel Code, Section VIII, Division I,
3. Design of Piping Systems, John Wiley & Sons, Inc. 1974.

4, Degraded Piping Program - Phase II, Sixth Program Repott, Oct. 1986 —
September 1987, USNRC

5. Fracture 1969, Chapman and Hall Ltd. IBN 412094703
6. Handbook of Stainless Steels, D. Peckner, 1. Bernstein, McGraw-Hill, 1977

7. Metal Fatigure in Engineering, H. Fuchs, R. Stephens, John Wiley & Sons, Inc.
1980.

8. Austenetic Steels at Low Temperatures, R.P. Reed, T Horiuchi, Plenum Press,
1982.
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APPENDIX A: PROOF

TESTING PROCEDURE FOR

THE TPC
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General

This procedure is for proof testing the TPC shown in Figure 1. Initial pressure and leak
tests of the system will be conducted in Building 343 because it provides an adequate
barricade for conducting the test and keeps personnel exposure to a minimum. Final leak
testing of joints made up after installation and retest of the systems in the future will be
conducted at the B132 facility.

Hazards

The Health and Safety Manual Supplement 32.05, Section 2 — “Standard Procedure for
Pressure Testing with Gas™ applies.

Pretest Procedure

Use the system indicated in Figure Al as the test source. Support the chamber
horizontally. Cool the chambers® LN2 pipe and surrounding metal with an LN2 filled
dewar supplied by the experimenter to simulate the thermal stresses during actual
operation. Let the metal ‘soak’ for 20-30 minutes before proof testing.
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Test vessel
or test systom

vent valve

Legend
1 Vent valve
2 Regulator

\) Salety manifold ) 3 Filf vaive
4 Rellef vaive

5000 psig (34 MPA) MAWP (set at not over 120%
of the test prassure)

™~ Nitrogen, ballum, argon,
r compreasad alr, or house air

* Test gauge must have a solld front, blow-out back, and sacuraly
attached plastic face if over &Iinches In (100-mm} dlameter and graduated
to over 200 psi (1.4 MPa). The scaie should be about double the test
pressure and never less than 1.2 times the maximum lest pressure,

-

Figure Al — Gas Test System
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A4 Test Procedure

Refer to Figure 1 and Appendix A for component designations.
A.4.1 High Pressure (1467 psig) Helium System Pressure Test

The two TPC’s will first be tested to 1.5 x MAWP, or 1.5 x 978 = 1467 psig using the
following components:

Vessel (2 ea., requires 2 separate proof tests)
C-Ring type lid (AAA99-104243)

4 3/4” CF blank for the detector port
Modified VCR plug(s) at the VCR ports

Install the hardware described above for the 1467psig proof test.

Apply 1467psig test pressure to one of the VCR ports.

Hold test pressure at 1467psig for 15 minutes.

Vent system down to 150 psig and leak check all joints under pressure with Snoop.
Vent helium to atmospheric pressure.

hblaliadl

A.4.2 Moderate Pressure (604 psig) Helium System Pressure Test

A single TPC will also be tested to 1.5 x MAWP, or 1.5 x 402 = 604 psig using the
following components. Two tests are required to qualify both heads.

Vessel

CF type lid (AAA99-104240, AAA99-104241)

2 3/4” CF modified blank for the x-ray port

1 1/3” CF flanges with high voltage feedthroughs
4 3/4” CF blank for the detector port

Modified VCR plug at the VCR ports

1. Install the hardware described above for the 604 psig proof test.

2. Apply 604 psig test pressure to one of the VCR ports.

3. Hold test pressure at 604 psig for 15 minutes.

4. Vent system down to 150 psig and leak check all joints under pressure with Snoop.
5. Vent helium to atmospheric pressure.,

A.4.3 Documentation
Test records shall include an LLNL Pressure test/inspection record for the separate pieces

of the vessel. The pressure inspector will send the original copies of the test reports to
LLNL Pressure Safety (1.-384).
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APPENDIX C

CALCULATIONS

Calculations performed

Energy vessel.nb
Vessel_stress2.nb

Ellipsoidal_head_stress.nb

energy calculations, peak and static overpressure
main vessel stress calculations, wall thickness, maximum pressure, proof test stress

main vessel head thickness, max. pressure, proof test stress

Ellipsoidal_head_stress LN2..nb LN2 head thickness, max. pressure, proof test stress

Flange stress_hub_978.nb
Flange stress_hub_small_978.nb
Flange stress hub 403.nb

Xe vessel det.nb
Detector_shell.nb
Weld_load_stress.nb

Xe_vessel VCR.nb
VCR_shell.nb
Weld_load_stress_ VCR.nb
VCR_gamma_port.nb

Xe_vessel LN2.nb
LN2_shell.nb
Weld_load_stress LN2.nb

Head 350 K openings2.nb

Head_850_no_openings2.nb

main vessel C-Ring head bolt load, moment, stresses
detector port bolt load, moment, stresses
main vessel CF head bolt load, moment, stresses

detector pipe stress calculations, wall thickness, maximum pressure, proof test stress
detector pipe weld reinforcement, area required, area available
detector pipe weld load allowable, strength of connecting elements (welds)

VCR pipe stress calculations, wall thickness, maximum pressure, proof test stress
VCR pipe weld reinforcement, area required, area available

VCR pipe weld load allowable, strength of connecting elements (welds)

VCR minimum head thickness calculation

LN2 pipe stress calculations, wall thickness, maximum pressure, proof test stress
LN2 pipe weld reinforcement, area required, area available
LN2 pipe weld load allowable, strength of connecting elements (welds)

main vessel CF type flat head: stress concentration factor, thickness, distance between
hole centers

main vessel C-ring type flat head: head thickness, hub thickness

Head_850_4.625_no_openings2.nb detector port CF type flat head: head thickness, hub thickness

Bolt_lpad_1.33CF_350.nb
Bolt_load_2.75CF_350.nb
Misc.nb

Fracture_critical_mat’l.nb
Fragmant.nb

1.33 CF flange bolt load, head thickness

2.75 CF flange bolt load, head thickness

main vessel: distance between openings, blind mounting hole depth, reinforcement of
blind holes on CF flanges mounted on 10.5” & CF flange, impact testing

Kic. K, critical crack lengths, Life cycles

shielding calculations




energy_vessel.nb

{* Energy in Xenon Pressure Veasgel =x)



energy_vessel.nb

MAWP = 978
P1 = MAWP
Pz =14.7
K= 1.66
R; = 3.8125
D2 = 1.5
D3 = 2.32

7 (2Rs)?

Vi (12.2 - 0.5) (% in® +)

7 (D2)? 5
vy = — (8.058 - 0.2) (% in® %)

m (D3)? . a
V3= m-4—---2.1'7 {* in” %)
Vo=V, +V3+V; (% in® )

By Vo P,y o
Energy = —— |1~ (-—] (* £t-1b #)
12 (K- 1) P,

Energy
Energy, . = -é—m (» g TNT «)

Energy,, = Energy,... + 0.002200 (« 1lb. TNT =*)

978
978
14.7
1.66

3.8125

2.32
534.263
13.8862
9.1733
557.323
55852.
16.3592

0.0359903

(* From MEDSS, 30 psi is the threshold for fatalities. 0.2
to 15 psi cause physioclogical damage (ear, lung, etc.) However,

the detailed calculation that follow {and proof tests of Conflat heads)
show this vessel will leak before catastrophic failure. *)

(* The following is an analysis of the static overpressure in the confined room =)

1

Lad lud Ld d d ld ud wd ud o wd w4 ud s A

A

J



energy_vessel.nb

" Energy,,,
Pgov = 1.15%X00"% ————— (& paig x)
20x30x10

€.0689813

(* The peak overpressure is simply 6 X static )

Poov = 6 X Paoy (% pEig #)

0.413888



Vessel_stress2.nb 1

(*Xenon Pressure Vessel Stress Calculationss)

Longitudinal—

Membrane Stresses { Ctrcumferential {Hoop)




Vessel_stress2.nb

Infi2]:=
MAWP = 978
U, = 16700 (xallowable stress for 316L SST«x)
gy = 37000
R; = 3.8125
Re = 4.3125
t=Ry -~ Ry
Ratio =
Ry

If [L.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]
If [Ratic > 1.5, thick wall]

outfiz}= 978
out[13}= 16700
outjld}= 3700C
Out[15)= 3.8125
outfle}= 4.3125
outf{i7)= 0.5
outfig]= 1.13115

outfi9]= mediumwall



Vessel stress2.nb

Inf{22}):=
{*Longitudinal Stressg, &%)
(MAWE R;?)
g = ——
(Ro? - Ry ?)
{(*Circumferential Streszss, S;*)
o MAWPR (R, + R32)
2 =
(Ro? - Ry %)
(*Radial Stress, S3%)
8z = -MAWP
(*Von Mises Stresgsx)
On =V 0.5 ((S1-82)% + (S2-85)% + (85 - 81)?)
outf22]=
outf23]=
outfz2d]=

out{25]=



Vessel_stress2.nb

outf15]=

outfi6j=

outfl7]=

out{igj=

{*wall thickness, in., max. pressure, psgix)

{(*Circumferential / Longitudinal Stress: wall thickness, in., max. pressure, psix)

Be = 0.7
(*butt weld efficiency based on no inspection, Table UN-12+)
(#Circumferential butt welds connecting

ellipsoidal head and hub to cylinder are Catagory A/B, Type 1 welds+)

P = 1.67 (» in., longitudinal pitch of tube holes =*)
d = 0.5 (¥ in., diamnter of tube holex)
Bgjig = — — (% UG-53, Ligaments =)

If [Ef < Egfiigs Ef = Ef, Ef = Briig]

(I-IAWP Ri)
te = (#UG27 c 1)
{(0a Ef ~ 0.6 MAWP)
O, Er ©
p, = CaBe®) (#WUG27 ¢ 1w)
(Ry +0.6¢)
PC
SFuc (* P uses allowable stress so SF ~% is also inlecludedsx)
(MAWP Ry)
t1 = (»*UG27 c 2%)
{2 o3 Bg + 0.4 MAWP)
20, Ef &
P, = (20 B E) (¥UG27 ¢ 2%)
(R ~0.4¢)
SFu = {(* Pp uses allowable streass go SF ~5 ig also inlcludeds)

I£[Pe < P1, "circumferential stress appliea", "longitudinal stress applies"}
If[te; > t;, "circumferential stress applies", "longitudinal stress applies"]

0.7
1.67
0.5

0.700599

cut{igj= 0.7

outf20]= 0.335815

outf21]= 1421.28

Outf22]= 1.45325

out{23]= 0.156855



Vessel_stress2.nb

outf{189]= 3235.98%
outf190)= 13.2351
outfiglj= circumferential stress applies

out[i92j= circumferential stress applies

(#*Check of Von Misges stress at 1.5 x MAWP for pressure test«)
MAWP = 1.5 x 978

(*Longitudinal Stress, S;%)
(MAWP R;?)

B = 2 2
{Ro® - Ri¥)
(*Circumferential Stress, Si%)

MAWP (Ro? +R;%)
{R,2 - R;?)

g =

(#*Radial Stress, S3+)

83 = -MAWP

(*Von Mises Stressx)

T '\/0.5 ((81-82)% + (8-83)% + (53 ~-81)%)

0,
b4
Ny = —
Oa

If[N, > 1, "vessel OK at 1.5 x MAWP during pressure test")

1467.
5248.76
11964.5
-1467.
11632.

8087

vessel OK at 1.5 x MAWP during pressure test



Ellipsoidal_head_stress.nb

(*Xenon Pressure Vessel Stress Calculationss:)
(«*Ellipsoidal Head+)

In[704]:=
MAWE = 978
g, = 16700 (+allowable stress for 304 SSTx)
gy = 32000
Dy = 7.625
tw = 0.5

{*Circumferential butt welds connecting
ellipsoidal head and hub to cylinder are Catagory A, Type 1 welds«)

Ef = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12x)

Qutf{704]= §78
Out[705]= 16700
Out[706]= 32000
outf707j= 7.625
outf7081= 0.5

out[708j= 0.7
In{710}:= (+*Wall thickness, in., max. pressure, psix)

(*Circumferential Stress: wall thickness, in., max. pressure, psix)

(MAWP D; )
tr = (¥UG32 (d)+)
(2 o, Bg — 0.2 MAWP)
(2 0a Ex ty)
Py = e 1 (4UG32 (d)#)
(D; +0.2 &)
P, 4
SFye =
MAWP

Qut{710]=

out[711]=

out{712]= 6.18%24



Ellipsoidal_head_stress.nb

Inf?713}:=
{*Check of stress at 1.5 x MAWP for pressure testx)

MAWP = 1.5 x 978

(20F¢ ty)
o]

SOl‘V‘&[MA == —y
(D1 +0.2 ty)
o.
EFy = —-
o

Outf713]= 14867.

out{714]= {{o->16189.4}} /
out{715]= —322_00 m V

24 o
418



Ellipsoidal_head_stress_LN2.nb

(*Xenon Pressure Vessel Stress Calculationss)
(*Ellipsoidal Head, LN2 Trap+)

In(716]:=
MAWP = 878
Gy = 16700 (vallowable stress for 304 SST«)
oy = 32000
Dy = 1.5
tEy, = 0.2

{#Circunferential butt welds connecting
ellipseidal head and hub to cylinder are Catagory A, Type 1 weldsx)

Er = 0.7 (vbutt weld efficiency based on no inspection, Table UW-12x)

out[7i6l= 978

outf7i7]= 16700

out[718)= 32000

outf718]= 1.5

outf720]= 0.2

outf721]= 0.7

In{722]:= (*Wall thickness, in., max. pressure, psix)

(xCircumferential Stress: wall thickness, in., max. pressure, psix)

(MAWE Dy )
(2 0a Er - 0.2 MAWP)

tn (#UG32 (d) +)

(2 Ua Ef tw)
Pp= —— — U (4UG3Z (d) )
(Di +0.2 ty)

P 4

SFye =

out722})=

Gut[723]= F3

Out[724]= 12.4187



Ellipsoidal_head_stress_LN2.nb

In{725]:=

(*Check of stress at 1.5 x MAWP for pressure teats)
MAWP = 1.5 x 978

ZUEf t
Solve[MAWE == —--(—-----—"~2--~ o]
(Dy +0.2 t,)
(o2
SFy = —_
(o3

out{725]= 1467,

out[726]= {{c-> BOE8.5}1
out[727)= 22000 /é’/7au/

e} faég,g




Flange stress_hub_978.nb

Aszumed mméie
of deformation

(* Bolted Flange Connections with Ring Type Joint #)
{(+* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above x)
(+ 850 psia MOP, custom flange, ring type joint, metal seal )



Flange stress_hub_978.nb

in{1}:= (% Bolt Load at operating conditions *)

G 7.980 (* Diameter, in. at gasket load location =)
P 978 (% MAWP, internal design pressure x)

m= 6.5 (» gasket factor ring joint, Table 2-4.1 %)
Ng = 0.25 (» width of ring type gasket x)

(]

n

NSI'
by = ? {(* Table 2~5.2 (6) «x)

I£[b, <= 0.25, b = by, b = .5V by |

¥ = 26000 (» psi, design seating stress for metal seal, Table 2-5.1 x}
H=0.785G*P {+ 1lb., Total hydrostatic end force +)

Hy= 2Zb X 76mP (» lb., Total joint-contact surface compression load )
Woi = H + Hy (*+ Minimum required bolt load, for operating =x)

Woz = TGby (* Minimum required bolt load, for gasket seating #*)

out[1j= 7.98
out(2]= 978
outf[3]= 6.5
out{4}= 0.25
outf5j= 0.03125
outf{s]= 0.03125
out{7j= 26000
outf8]j= 48885.4
out[9]j= 9960.59
out{10]= 58849.%

Out[1i]= 20369.3



Flange stress_hub_978.nb

out{id]=

Qutfl3]=

{#* Flange Design Bolt Loadx)

Ap = 0.1406 x 24 (vcross sectional area of 1/2-13 screws)

SF = 4 (% MEDSS )

Sy = 81000

(*Unbrako - K& 1216 1/2-13 SHCS, 160, ksi tensile strength; T = -400°F to 1200 °F
OR ASTM-A493-95 Grade $30430; Bl ksi tensile strength «)

Sy = Sg+ SF

Iy = 8, %3 (* 1lb., Max allowable bolt load =)

By = Wmi / Sa (% in®, cross-sectional area of bolts undex operating condition x)

Boz = Wy / Sa (» in®, cross-sectional area of bolts for gasket seating =)
LE[Amy. > Bnzs Ag = Bpy, By = Angy)

(*+ in®, total required cross-sectional area of bolts ®)

Wo = Wm (* 1lb., Flange desigm bolt load, for operating «)

(Am +Ab) Sa . .
W, = ———é_ (* 1b., Flange design bolt load, for gasket seating =+)

3.3744

4

out{idj= BLC00

out{15]= 20250

out{ié]= 68331.6

out{i7j= 2.90617

out{i18]= 1.0058%

out{i%8j= 2.90617

out{20j= 58849.¢

out[21]= 63590.8



Flange stress_hub_978.nb

Inf22]:=
(*# Flange Moment =)
{» Table 2-6, integral flange )
Cp =9.58 (* in., bolt circle diameter =)
gy = 0.5 (* in., hub flange thickness *)
B = 7.625 («in., inside diameter of flange #)
test = 20 ¢,

{Co - B}
= -
2
hy =
R+0.5¢g1 (* in., radial distance from bolt circle to the circle on which hp acts =)
(Cp - G)
heg = o—rrv
2
(R + g1 + hg)
hp s ———oouo-—
2
Hp, = 0.7858% P (+# 1lb., total hydrostatic force on area insgide of flange =)
MD = HD hD
HEr =H-Hp
{(#* 1b., difference, total hydrostatic end force less Hp )}
My = By hy

Hz = Wo ~H (» 1lb., gasket load )
Mg =Hg hy

Mo =Mp +Mp + My (¥ in-1b., total flange moment due to operating conditions )
(Ch - @) \ .
My = Wo ~——-—-2-— {(# in-1b., total flange moment due to gasket seating «)

If[M; > My, "operating conditions control", “"gasket seating conditionsz control*]
TE[Mo > My, Mo = My, My = M)

Out{22j= 9,58

Outf23}= 0.5

outf24]= 7.625

out{25j= 10.

Cut{2e6}= 0.4775

out{27;= 0.7275

out[28fj= 0.8

outf29)= (0.88875

Out[30]= 44636.3

Cut{31]= 32472.9

Out{32j= 4253.05

Outf33j= 3779.9



Flange stress_hub_978.nb

Outfi120]= 9960.5%9

Out[121]= 7968.47

Out{122j= 44221.3

out{iz23}= 47080.

Out{124]= gasket seating conditions control

out{125]= 47080.
In{i26):= (*xFlange Stress x)
= 1 (xhub gtress correction Factorx)

€
t = 1.25 (» in., flange thickness «)
h = 0.125 {(* in., hub length )

taz2da:
A = 10.5 (+ in., OD of flange »)
K=A/B
K* (1+ B.55246 Log[10, K]) -1
T = {(+ factor, Fig. 2-7.1%)

(L.04720 + 1.9448 K2) (K- 1)

K? (1+ B.55246 Log[10, X]) -1 .
= {* factor, Fig. 2-7.1x)
1.36136 (K2 -1) (K-1)

1 R? Log 10, K] .
¥ = 0.66845+5.71690 ——————" | (% factor, Fig. 2-7.1s)
K-1 (X2 - 1)
K+
Z = =z (* factoxr, Fig. 2-7.1%)
S0 = 91
g1/ do
hy, = VBgs,
h / b
V = 0.550103 (» Fig. 2-7.3 Integral flange factor *)
v 2
de = "‘;ho 213
Lo+l £°
= + ——
T df
€M : oo
8g = ———— (* psi, Longitudinal hub stress )
I.lg'l2 B
(1.33¢, +1) M, .
Sy = (* psi, Radial flange stress =x)
Lt?B
(* psi, Tangental flange stress =)
Mo
ST = - ZSR
outfiz26j= 1

Out{i27]= 1.25

Outf128]= 0.125

Outf128]= 1.

Outfi30j= 10.5



Flange stress_hub_978.nb

Out f131]= 1.37705

Outfl3z2]= 1.7642

out{133j= 6.84641

out[134j= 6.23025

outf135]= 3,23148

cutfizg}= 0.5

Out{137]= 1.

Outfi138]= 1.95256

outf13%}= 0.0640184

Out[140]= $¢.550103

out[141j= 6.07525

out{142j= 1.45515

Cut{i43]

Qut{144}

Qut(145]

Infl46]:=
(*# Allowable Flange Stress =)

8¢ = 16700 (» allowable stress for 316%L -20 to 100 °F, Table 1A, Section II #*)
If[Sg < 1.5 8¢, *hub stress OK", "hub stress too large"]

If[8x < B¢, "radial stress OK", "radial stress too large"]

L[Sy < 8¢, "tangental stress OK", "tangental stress too large"}

By + Sy

If[——— < 8¢, "average stressl OK", "average stressl too 1arge"]
Sg + 8p

I:E[——-—-- < Sg, "average stress2 ORK", "average stress2 too 1arge“]

outfi146j= 16700

out{147j= hub stress OK
out{148]= radial stress OK
Ooutf[i49j= tangental stress OK
Cutf[i50]}= average stressl OK

Out{l15i)= average stress? OK



Flange stress_hub_small_978.nb

Gasket r*‘ { —’{
\ PRI
A o f

Assumed mode
of deformation

{* Bolted Flange Connections

with flat metal Copper Gasket, Xe chamber Detector Port )
{* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above %)
(* 850 psia MOP, conflat type head x)



Flange stress_hub_small_978.nb

Inf249]:=

out{z49]=

Cutf250])=

outf251]=

outf{252]=

Cut{253]=

Oukb[254]=

OQut(255]=

Out(256]=

Out {257]=

Out{258]=

Out{259]=

{* Bolt Load at operating conditions %)

G = 3.35 (x Diameter, in. at gasket load location =*)

P = 978 (» MAWP, internal design pressure x)

m= 4.75 {* gasket factor £lat Cu gasket, Table 2-4.1 )
Mg = 0.5 (« width of Cu gasket %)

N
b i (* N/4 for multiple serrations Table 2-5.2 (5),

asgume N/32 given a single knife edge serration as used in Conflats »*)
If{by <= 0.25, b = by, b = .5V by |
¥ =13000 (* psi, design seating stress for goft copper, Table 2-5.1 x)
H=0.7856" P (+ 1b., Total hydrostatic end force )

Hy=2bx 7Gm?P (+ lb., Total joint-contact surface compression load %)
Wm = E + Hy (+ Minimum required bolt load, for operating =)

Waz = "Gby (+ Minimum required bolt load, for gasket seating )

3.35
978

4.75

0.015625
0.015625
13000
8615.85
1527.84
103143.7

2137.76



Flange stress_hub_small _978.nb

Inf12]:=

outfiz]=

cutfi3}=

Cut{idj=

Cutf{ibj=

Qutfié]=

outf{l7j=

Qukf18j=

Qutf19]=

Qutf20]=

Outf{21]=

(#* Flange Design Bolt Loadsx)

Ap = 0.0519 x 10 (xcross sectional area of 5/16-24 screwsx)

SF = 4 (% MEDSS w)

Sr = B1000

{(#*Unbrake - KS 1216 5/16-24 SHCS, 160, ksi tensile strength; T = -400°% to 1200 °F
OR ASTM-A453-35 Grade S530430; 8l ksi tensile strength )

Sy =S¢+ SF

Ly = Sa XAy (% 1b., Max allowable bolt load =)

Ami = Wpy / 8a (* inz,cros—sacticnal area of bolts under operating condition #)

Amz = Wnz / 8a (% in?, cross-sectional area of bolts for gagket seating =)
I£[Ant > Amys B = Apas Ap = Ao

(*+ in®, total required cross-gectional area of bolts *)

Wo = Wui (¥ 1b., Flange design bolt load, for operating x)

(Am +Ah) S, . .
Wg = ————— (% lb., Flange design bolt load, for gasket seating =)

81000
20250
1050¢.7
0.500923
¢.1035568
0.500523
10143.7

10326.7



Flange stress_hub_small_978.nb

Inf332]):=

ouLf332)=

Cuk[333)=

Out{334]=

Qukf335]=

cut{336)=

cutf{337]=

Cut{338]=

Cut{339]=

Cut{340]=

Ouk[341]=

out(342})=

Qut{343]=

{(* Flange Moment =)

{x Table 2-6, integral flange =)

Cp =4.030 (» in., bolt circle diameter =)}

gL =0.275 (» in., hub flange thickness x}

B = 2.32 (xin., inside diameter of flange x)

test = 20gy (+ Refer to Appx 2, 2-3 notations, for design optiong =)

(Cy - B)
Re ——-m
2
by =
R+0.5g: (# in., radial distance from bolt circle to the circle on which hy acts %)
(Cp - G)
he s ——
2
(R + g1 + hg)
b = —————

Hp = 0.785B° P {+ 1b., total hydrostatic force on area inside of flange =)
MD = HD hn

Hp=H-Hp
(# 1b., difference, total hydrostatic end force less Hp »*)
My = Hp hy

Hy = Wy ~H {» 1lb., gasket load %)
Mz =Hg hg

Mo = Mp + My + Mg {* in-1b., total flange moment due to cperating conditions )

{Cy -G .
My =Wo —2)~— {* in-1lb., total flange moment due to gasket seating =)

If[M, » My, "operating conditions control®, "gasket seating conditions control®]
TE[M, > My, My = Mo, M, = M]
4.03

0.275

0.7175 :
0.34

0.5975

4132.23

2964.87

4483 .62

2678.96



Flange stress_hub_small 978.nb

Out{185]= 1527.84
Out{186]= 519.465
Oout{187}= 6163.3
Out/188]= 3448.85
out[{18%]= operating conditions control

out{190j= 6163.3
In{ig9i]:= («Flange Stress )
= 1 (vhub stress correction factors)

€
t = 0.81 (x in., flange thickness )
h = 0.0 (x in., hub length &)

te=20:
A = 4.63 {« in., OD of flange =)
K=A/B
K? (1+ 8.55246 Log[10, K]) -1 .
T = (= factor, Fig. 2-7.1x)

(1.04720 + 1.9448K2) (K- 1)
X2 (1+ 8.55246 Log[10, K]) -1
U= {*# factor, Fig. 2-7.1lw)
1.36136 (K2 -1) (K-1)

X? Log[10, K]

Y = 0.66845+5.71690 ———— | (» factor, Fig. 2-7.1x)
K-1 (K2 -1)
41

Z = (* factor, Fig. 2-7.1x)
K2-1

Jo = g1

g1/ 9o

hy, = YBg,

h / h,

V = 0.550103 (% Fig. 2-7.3 Integral flange factor =}

u 2
de = —ho o
v

te+1 t3
L= + —
T df
€M, . ; .
Sg = —— (* psi, Longitudinal hub atress )
L¢g,?2 B
(1.33¢, +1) M,
R = hd {(+ pei, Radial flange stresgs =)
Lt*B
{(* psi, Tangental flange stress x)
¥ ML
ST = - Z SR
£2B

out{191}= 1

Out(192}= 0.81

outfis3}= 0.

Outfl94]= 0.55

outfigs]= 4.63
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99569

50825

26596

87203

67052

275

out{1sej= 1.
out[197]= 1.
out{198j= 3.
outf199j= 2.
cut[200]= 1.
cutf{20i}= 0.
outf{z202]= 1.
out{203]= 0.

798749

Cutf{204}= 0.

out {205]= 0.
out{206]j= 0
out{207]= 2

Out[209]

out {210}

Inf{211}:=

(

s

550103

.358627

*+ Allowable Flange Stress =)

¢ = 16700 (x allowable strese for 304L -20 to 100 °F, Table 1A, Section II )
I£[Sg < 1.5 8¢, "hub stress OK", "hub stress too large"]
If[Sy < 8¢, "radial stress OK", "radial stresa too large']
If[Sgp < 5S¢, "tangental stress OK", "tangental stress too large"]

Sy +8
f[ )i 4 R

£[

< Sg, "average stressl OK", "average stressl too J.arge“]

Su + S:‘t
—— < S, "average stress2 OK", "average stress2 too 1arge“]

outf2ii]= 16700

out/2i2j= hub stress OK 4

Qutf213]= radial stress OK

outf2i4}= tangental stress OK

outf2i5j= average stressl OK

outf216]= average stress2 OK



Flange stress, hub_403.nb

y R |

Assymed mode
of deformation

(* Bolted Flange Connections with flat metal Copper Gasket *)
(* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above )
(+ 350 psia MOP, conflat type head x)
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In{i84]):=

ocutfigd]=

cut{igs]=

Cutf186])=

Outfig7)=

cut{1881=

Out[188]=

Ouklisg)=

Qut[isl]=

Qutf{182]=

Qutf193]=

Outf184]=

(* Bolt Load at operating conditions )

G = 8.54 (» Diameter, in. at gasket load location *)

P = 403 (+ MAWP, internal design pressure %)

m= 4.75 (» gasket factor f£lat Cu gasket, Table 2Z-4.1 *)
Ng = 0.5 (» width of Cu gasket =)

N,
b, = -5-%- (* N/4 Eor multiple serrations Table 2-5.2 (5),

assume N/32 given a single knife edge serration as used in Conflats =)
b = b,

y = 13000 (+ psi, design seating strems for soft copper, Table 2-5.1 *)

H=0.785G* P (x 1b., Total hydrostatic end force *)

Ho= 2b x wGmP (+x lb., Total joint-contact surface compression load )
Was = H + Hp (* Minimum required bolt load, for operating =)

Wnz = nGby (» Minimum reguired bolt load, for gasket seating x)

8.54

403

4.75

0.5
0.015625
0.015625
13000
23072.3
1604.923
24677.2

5449.68
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Ini{33]:=

Outf33j=

out{34]=

Out[35]=

Qut(36]~=

Outf37]=

cutf3g]=

Out{33}=

Qut{40]=

out{dij=

outf4z2]=

(* Flange Design Bolt Loadx)
Ap = 0.1406 x 24 (xcross sectional area of 1/2-13 gcreww)
SF = 4 (% MEDSS #)

Sp = 81000

(#*Unbrako - KS 1216 1/2-13 SHCS, 160, ksi tensile strength; T = —-400°F to 1200 °F
OR ABTM-A493-95 Grade S30430; Bl ksi tensile strength «)

Sy = 8¢ + SF

Ly = 83 XAy (* 1b., Max allowable bolt load )

BAm = Wny / Sa (* in®, cross-sectional area of bolts under operating condition =)

Amx = Wuz / Sa (* in®, cross-sectional area of bolts for gasket seating )
If[Am > Byar Bn = Apzs Bg = Bpy]

(= in®, total required cross-sectional area of bolte *)

We = Wy (* 1lb., Flange design bolt lead, for operating *)

(Am +Ab) sa . .
Wy = ———2— {(* 1b., Flange design bolt load, for gasket geating )

3.3744

81000

20250

68331.6
1.21863
0.26912
1.21.863
24677.2

46504 .4
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Inf[205]):=

Qut{205]=

Out{206] =

Qutf207]=

Out[208]=

outf209}=

Outf2i0]=

outi2ii}=

outf212j=

Cutf{213]=

Cutf214)=

outf{215)=

Out{216]=

{* Flange Moment =)

{* Table 2-6, integral flange *)

Cp = 9.58 (» in., bolt circle diameter x)

g1 =0.5 (» in., hub flange thickness )

B = 7.625 (%in., inside diameter of flange )
test = 20 ¢y

{Cb - B)
= ————
2
hD =
R+0.5¢1 (» in., radial distance from bolt circle to the circle on which hp acts ®)
{Cp - &)
hg = —v
2
(R + gnn + hg)
bes—F

H, = 0.785B° P (+ lb., total hydrostatic force on area inside of flange *)
MD = HD hD

Hy =H-Hp
{* lb., difference, total hydrostatic end force less Hp *)
My = Hp By

Hg = W -H (*» 1b., gasket load =)
Mz =Hg hg

My =Mp + My + Mg (% in-1b., total flange moment due to operating conditions *)
(Cp ~ G) \ .
Mg =W, — (# in-1b., total flange moment due to gasket seating )

If[M, > M, "operating conditions control", "gasket seating conditions control®]

IEM, > Mg, Mo = Mo, My = IM]

9.58

0.4775
0.7275
6.52
0.74875
18393.1
13381,
4679.2

3503.55
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out{250]= 1604.83

Outf251]= 834.564

but[252]= 17719.%

Out[253]= 12832.1

Cutf254)= operating conditions control
Qut{255}= 1771%.1

In{256]:= (xFlange Stress x)

= 1 (vhub stress correction factorsx)

€
t = 1.25 (x in., flange thickness «)
h = 0.125 (* in., hub length «)

te=2g1
A = 10.5 (» in., OD of flange x)
K=A/B
X? (1+ 8.55246 Log[10, K]) -1
T = (* factor, Fig. 2-7.1x)

(1.04720 + 1.9448K?) (K-1)
K* (1+ 8.55246 Log[l0, K]} -1
U= (» factox, Fig. 2-7.1x)
1.36136 (K*-1) (K~1)

X? Log[10, K]

Y = 0.66845 +5.71690 {(+ factoxr, Fig. 2-7.1x)
K-1 (K2 - 1)
K+l

Z= (x factox, Fig. 2-7.1x)
¥ -1

Yo = g1

g1/ go

h = VBgo

h/h,

V = 0.550103 (+ Fig. 2-7.3 Integral flange factor =)

v 2
de = —h g,
v

ta+1l &
= + ——
T de
e - .
8 = ———-— (% p8i, Longitudinal hub stress *)
Lgf B
s (1.33&4 +1) M4, ( . dial £1 )
= * Ppgl, Radia ange sgtress =«
" L2 B ®
(+ pai, Tangental flange stress %)
¥ M,
ST = -~ Z SR
tz
out{256)= 1

Outf257})= 1.25

Out(258]= 0.125

outjf259i= 1.

outf260j= 10.5
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out{26i]= 1.37705

outfzezj= 1.7642

Qut[263]= 6.84641

Out{264]= 6.23025

Out{265]= 3.23148

outf266j= 0.5

Cutf267]= 1.

Outf268]= 1.95256

outf269]= 0.0640184

Cut{270})= 0.550103

Out[271]= 6,07525

out[272j= 1.45515

cutf273

out{274]

Out[275]}

nf276]:=
(* Allowable Flange Stress *)

Sz = 16700 (+ allowable stress for 316 L -20 to 100 °F, Table 1A, Section II +)
If[Sy < 1.5 S¢, "hub stress OK", "hub stress too large"]
If[Sx < 8¢, "radial stress OK", "radial stress too large"}
If[Sy < S¢, "tangental stress OK", "tangental stress too large"]
Sg + Sy

[—-2—-~— < 8g, "average stressl QK", "average stressl too 1arga“]
By +8
f{—~x———T— < 8¢, "average stress2 OK', "average stress2 too 1arge"]
2

outf276}= 16700

Out{277]= hub stress OK
Gut(278]= radial stress OK
Out[279]= tangental stress OK
Out[280]= average stressl CK

Out[281J= average stress2 OK



Xe_vessel_det.nb

(#Xenon Presgure Vessel Stress Calculations — Detector Ports)

Longitudinal

Membrane Siresses '{'Circumferenﬁai (Hoop)
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In{376):=
MAWP = 978
Ca = 16700 (xallowable stress for 316 L S5Tx)
gy = 37000
R; =1.1615
R, = 1.4375
t=R,-Ry
Ratio = ﬁ
Ry

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]
If [Ratio > 1.5, thick wall)

Out[376]= 978
Out[377]= 16700
Cut[378)= 37000
Outb{373]= 1.1615
Out {380]= 1.4375
Out[381]= 0.276
Outf382]= 1.23762

out[383]= mediumwall
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In[386j:=
(+*Longitudinal Stress, S;%)
{MAWP R;?)
S1= T
(Ro® - Ry%)
(*Circumferential Stress, S;#)
o MAWP (Ro? + R;?)
2 -
(Ro* - R32)
{*Radial Stress, Six)
S3 = -MAWP
(*Von NMises Stresss)
On= V0.5 ((S1-82)% + (S2-83)% + (83 -81)%)
out[386]= §
outf387]=
Out{388]= [

out[389]=
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Infd4z]:=

Qut{d42]=

out{43]=

Outf44]=

Outfd5})=

Out{déj=

Cut{47]i=

Gut[48]=

outf49]=

out{50]=

out{51]=

{*wall thickness, in., max. pressure, psix)

{x*Circumferential Stress: wall thickness, in., max. pressure, psix)

B = 0.7 (#butt weld efficiency based on no inspection, Table UW-12x)

(MAWP R; )
te = (*UG27 c 1w)
(0. Ez - 0.6 MAWE)

o, Ef t
Pe = _(CaBet) (*UG27 © 1x)
{(R;y +0.6¢)
P
8Fye = hd (*+ P uges allowable stress so SF ~5 is also inlcludedw)

MAWE
(*Longitudinal Stress: wall thickness, in., max. pressure, paix)
(#Circumferential butt welds connecting

ellipsoidal head and hub to cylinder are Catagory A, Type 1 welds+)

Ef = 0.7 (+butt weld efficiency based on no inspection, Table UW-12x)

(MAWP R; )
t1 = (xUG27 o 2%)
{2 0y Bz + 0.4 MAWP)
(20aBr &)
Pp = o (%UG27 < 2+)
(Ry —0.41t)
SFy = (* P; uses allowable stress so SF ~5 is also inlcludeds)

If[P. < P1, "circumferential stress applies", "longitudinal stress applies"]
If[t; > t;, "circumferential ptress applies™, "longitudinal stress applies"]

0.7

0.102308

2431.2

2.48589

a.7

¢.0477867

6139.17

6.27727

circumferential stress applies

circumferential stress applies

#
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In{400]:=
(#*Check of Von Mises stress at 1.5 x MAWP for pressure testx)
MAWP = 1.5 x 978

{(*Longitudinal Stressa, S;*)
(MAWP R;?)
(Ro? ~Ry?)

8 =

{(xCircumferential Stress, S;«x)

MAWP (Ro® + R:®)

8; = 2 2
(Ro* - Rs*)

{(*Radial Stress, S3*)

83 = —-MAWP

(«Von Mises Stressx)

=V 0.5 ((81-82)% + (82-85)2 + (S5 -81)%)

a,

¥
Ny =

Om

IE[N: > 1, "vessel OK at 1.5 x MAWP during pressure test"]

out(400j= 1467.
out[401]= 2759.01
out(402]= 6985.02
Out{403j= -1467.
Out[404]= 7319.66 ,
Out[405j= 5.05488

out[406j= vessel OK at 1.5 x MAWP during pressure test
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detector_shell.nb

(*Opening reinforcement calculationgx)
(* Detectoxr pipe to shell wallx)
(# A3 = 0, A5 = 0, B42 = 0 %)

{(# Sch B0 Pipe, 3" @ %)

Tx = 2,875 (+OD%)

d=2.323 (+ID mins)

tn = {(Tx~-d) /2 (*nozzel wall thicknesgx)
te=1.25+tn (»weld leg heightw)

Qut[445]= 2.875
outfdd6]= 2.323
out[447]= 0.276

outf448]= 0.345

Inf{473]:= F=1 (*xcorrection Ffactorx)

tr = 0.335815 (+minimum shell thickness, Veasel_ stress2.nbx)

frli =1 (*strength reducton factorx)

E=0.5 (xshell wall thicknessx)

El = 1 (*joint efficiencyr)

AzdtrF + 2tntrF (1 - £ril)

Ala = d (Elt - Ftr) - 2tn (Blt ~ Ftx) (1 - frl)

Alb= 2 (k£ + tn) (ELt-Ftr) - 2tn (E1t - Ftr) (L- £frl)
If[Ala » Alb, Al = Ala, Al = Alb]

Qukf473]= 1
Outf474]= 0.335815
Ouk{475)= 1
Qut{d476]= 0.5

Qutf477]= 1

Oout{d478)=

Out{479]= 0.381402

Out[480]= 0.,254815

Out[481]= 0.381402 4
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Inj482]:= fxr2 =1 (»xstrength reducton factorx)
trn = 0.10230807 (+requierd nozzel thicknesa, Xe_vessel _det.nbx)
AZa= 5 (tn - trn) £x2 ¢t
AZb = 5 (tn -trn) £xr2tn
If[a2a < A2b, A2 = A2a, A2 = A2b]

Oukf482]= 1

out({483]= 0.10230807
Qutfd4adi= 0.43423
Qut{485]= 0.239695

Out{486]= 0.239695

fri =1 (*strength reducton factorx)
Ad3 = te® fr3

te® £r3 )
Adl = —-2— {* 1/2 the area, skip weld on outsidex)

Qut{492]= 1
out({493]= 0.119025

outfd94j= 0.0595125

In[498]:= (AL + A2 +Ad3 + Adl)
A
(AL + A2 + A43 + Adl) >= A
(*If mctual area > area required, then no additional reinforcement required x)

Out (498]=

Out [498]=

Out{500}= True



weld_load_stress det.nb 1

{(+#must run "detector_ghell.nb" file first to save variables defined below
into memoryx)
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Inf523):= (xLoad / Stress Carried by Welds=)

A

al

A2

A3 =0

A5 =0

A4l

Ad2 =0

Ad3
out[523j= 0.780098
out{524j= 0.381402
out{525]= 0.2396595
out[526)= 0
outf{527)= 0
cut{528)= 0.0555125
cutf[529)= 0

cut{530)}= 0.11%025

Inf533]:= Bv= 16700 (* allowable stressx)
Wz (A-~Al+2tnfrl (E1t - Ftr)) Sv

out{533]= 16700

cut{534]= |

Inf{535]:=
Wiy = (A2 + AS + A4l + Ad2) Sv

out[535]= 49%6.76

Inf536]:= Way = (A2 + A3 + Adl + A43 + 2 tn t £rl) Sv
out{536j= 11593.7
In{537}:=
Wiz = (A2 + A3 + AS + Adl + Ad2 + Ad3 + 2tnt £frl) Sv

out(537j= 11593.7

{(* W (total weld load) << Wi, Wa.2, Wiz, (weld load available))

In[539]:= (#*Allowable Unit Streasesgx)
(#*Fillet Weld Shear, UW 15 cx)
Cgw = 0.49 (Sv)

out{539j= 8183.
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In[540):= (*Nozzel Wall Sheaxr, UG 45 cx)
Opy = 0.7 (8v)

out[540]= 11630.

In{541]}:

(*Strength of Comnection Elementsx)
(xFillet Weld Shears)

¢
Weyw = — T te opy
2
Cut[541)= 12749.4
In[542]):=
(*Strength of Connection Elements+)

(*Nozzel Wall Shears)

. (Tx+d)
Wow = — ———— tn Ony
2 2

Outf542]= 13171.9

Inf543]:=
WSi-1 = Wow
WSz.2 = Wew
out(543]= 23
out(544]= yiid

(#All Paths WS;.;, WSz.;, are stronger than the required strength W«)



Xe_vessel VCR.nb

(*Xenon Pressure Vessel Stregs Calculations — VCR Portw)

Longitudinal— |
Circumferential (Hoop)

S

Membrane Stresses {




Xe_vessel_VCR.nb

Inf545j:=
MAWP = 978
Oy = 16700 (xallowable stress for 316 L S8Tx)
oy = 37000
Ry = 0.40/2.
R, =0.5/2.
£ =R, -R;
Ratioz —
Ry

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratic < 1.1, thin wall}
If [Ratio > 1.5, thick wall]

out[545]= 978
out[5467= 16700
out[547]= 37000
out[548j= 0.2
Out{549j= 0.25
out[550]= 0.05
Out{551J= 1.25

out{552]= mediumwall
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In{555]:=
{(«Longitudinal Stress, Si+)
g (MAWP R;?)
1 S —
(Ro? - Ry?)
{(*Circumferential Stress, S;+)
g, _ JwE (Ro® + Ry )
2 =
(Ro? - Ri?)
(*Radial Streas, S3*)
83 = -MAWP
(*Von Mises Stressx)
Oa =V 0.5 ((81-82)% # (S2-85)2 + (83 -8,)7)
out{555]=
out[556]=
out{557]=

out[558]= BIQ
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Inf73]:=

Out{73}]=

Outf74)=

Out({75j=

outf76}=

Qut{77i=

Out{78]=

ouk{7%]=

outfeoj=

out(81j=

cut{82}]=

(*wall thickness, in., max. pressure, psix)

{(*Circumferential Stress: wall thickness, in., max. pressure, psix)

Be = 1.0 (refficiencys)

(MAWE Ry )
te = (#UG2T o 1)
{Oa Ef - 0.6 MAWP)
gy Ef t
po o —oxBet) (¥UG27 ¢ 1x)
(Ry +0.6¢)
BFye = (*#+ P uses allowable stress so SF ~5 is also inlcludeds)

(«Longitudinal Stress: wall thicknegs, in., max. pressure, psix)
(¥Circumferential butt welds connecting
ellipscidal head and hub to cylinder are Catagory A, Type 1 weldsx)

Ef = 1.0 (vefficincy+)

(MAWP R; )
£y = {(*xUG27 c 2%)
(2 oa Br + 0.4 MAWP)
(20, Be ©)
Pl o —— (3UG2T7 ¢ 2%)
(Ry -0.4¢)
SFy1 = (x P; uses allowable stress so SF ~5 is also inlcludeds)

If[Pc < P1, "circumferential stress applies”, "longitudinal stress appliesg"]
Ifft. > £, "circumferential stress applies®, "longitudinal streszs applies"]

1.
0.0121391
3630.43

3.7121

0.0057884¢

9277.78

9.48648

circumferential stress applies

circumferential stress applies
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Inf[568]:=

out (569)=

out{570]=

out{571})=

out{572]=

out[573]=

out[574]=

out[575]=

{*Chack of Von Mises atress at 1.5 x MAWP for pressure testx)
MAWP = 1,5 x 978

{*Longitudinal Stress, Six)
(MAWP R;2)

(Ro® - R ?)

8 =

(*Circumferential Streass, S;«)

MAWP (R, + R;?)
{Ro? - Rs?)

8; =

{*Radial Stress, S3x)

83 = -MAWP

{«*Von Mises Stressaw)

On =N 0.5 ((S1-82) + (S2-8)2 + (S -81)%)
s
T

If[N: > 1, "veszel OK at 1.5 x MAWP during pressure test"]

1467.

2608.

6683.

~1467.

7058.11 -
5.2422

vessel OK at 1.5 x MAWP during pressure test
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In(576]:= (% Opening Reinforcement Calculations=)
(* VCR Gland to shell wallx)
(* A3 = 0, A5 = 0, Ad3 = 0, A42 = 0 *)

(#* VCR, 0.5" @ %)

Tx = .5 {%0Dx)

d=0.40 (+ID min=)

tn = (Tx